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PARAMECIUM AURELIA AND PARAMECIUM CAU- 

DATUM* 

Gary N. Calkins, Ph.D. 

At the présent time, when the subject of mutations and species 
is discussed on every hand, and when every eye is keenly on the 
alert for new évidence among animais and plants, a sudden trans- 
formation of one known species into another known species is of 
interest. Such an incident has recently come under my observa- 
tion; a Parameciutn caudatum became P. aurelia^ and remained 
so for about 45 générations, when it reverted to P. caudatum. 
Apart from the facts of the change, which in itself is of obvious 
importance from the standpoint of cellular biology, the essential 
question to consider is whether thèse two species are suflSciently well 
defined to justify their séparation. If not, then the experiments and 
the changes indicated hâve less bearing on the gênerai problem of mu- 
tation than upon the problems of cell physiology. If they are suflS- 
ciently distinct, then we hâve in this incident an interesting case of mu- 
tation. I personally believe that the slight différences that distinguish 
the two tjrpes of Paramecium are not of spécifie value, and hold that 
P. caudatum. should be regarded as a mère variant of P. aurelia. 

Paramecium aurelia was the name given by MûUer, in his gênerai 
work on the Protozoa in 1773,. to the ciliated organism which had 
been known as the "slipper animalcule." Several différent species 
of Paramecium were created by Ehrenberg in 1838, and described 
in his work on the Infusionsthierchen. Most of thèse hâve been 
sifted out into other gênera, and only three hâve remained, P. bur- 
saria, P. aurelia^ and P. caudatum. Paramecium caudatum and 
P, aurelia hâve been united into a single species by the majority 
of observers subséquent to Ehrenberg, on the ground that the différ- 
ences upon which Ehrenberg had based his species were inadéquate. 
The number of species was thus reduced to two, and the names 
used were P. aurelia and P. bursaria, the former having been given 
originally by Millier. Maupas, however, in 1887-89, and R. Hert- 

* Recdred for publicatioii Bfarch 17, Z906. 



2 Gary N. Calkins 

wig in 1889, dîscovered a différence in the two forms which appeared 
to hâve spécifie value, and since then the two species in question, 
caudatum and aurdia, hâve been generally accepted as "good" 
species. 

Parantecium aureHa, according to Maupas, difiPers from P. cau- 
datum in the following points: It is smaller (70 to 290 /a, as against 
120 to 325 /A in P. caudatum); its posterior end is rounded, while 
P. caudatum bas an attenuated end (hence caudatum); it has two 
small micronuclei (3 to 5 /a in diameter), while P. caudatum has 
but one (8 to lo/*); in conjugation its macronûcleus becomes "rib- 
bon "-shaped at an earlier period than in P. caudatum; and ai ter 
conjugation its deavage nucleus gives rise to four corpuscles, whereas 
in P. caudatum there are eight. In deciding which of thèse forms to 
call caudatum and which aurelia, Maupas could not détermine which 
type Mûller had seen, and went back therefore only to Ehrenberg, 
who in naming P. caudatum had noted the attenuated posterior 
end. Hence it tums out that the more common form of Para- 
mecium has become widely known as P. caudatum, while the less 
common form bears the original name P. aurelia. If the two are 
only variants of the same species, i^ follows from the rules of zo- 
ologîcal nomenclature that the common and well-known name Para- 
mecium caudatum must be given up and P. aurelia substituted. 
That this must be the case follows, as I believe, from the observa- 
tions hère described. In the following description the names P. 
caudatum and P. aurelia will be used for those variants of the organ- 
isms which agrée with Maupas' spécifie characteristics. 

On March 11, 1905, four pairs of conjugating Paramecium 
caudatum were isolated from a culture that had been running for 
some weeks in the laboratory. Each pair was confined in a hoUow 
ground slide in a médium of hay infusion made the previous day 
by boiling a small quantity of hay in tap water. The usual period 
of conjugation is from 18 to 24 hours, and by the following day 
ail of the pairs had separated, and the différent individuels were 
swimming about freely in the hay infusion as apparently normal 
ex-conjugants. Each individual was isolated and fed on hay infu- 
sion, and each became the progenitor of a more or less extended line 
of Paramecia, the method foUowed being the same as that described 
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4 Gary N. Calkins 

in a previous publication. As in previous work, the number of 
divisions was recorded each day for each of the ex-conjugants. In 
addition to the ex-conjugants, one individual from the original 
culture which had not conjugated, was isolated at the same time 
to serve as a sort of control. This line was designated X; the others, 
A-B, C-D, E-F, G-H, etc. 

The early history of the division rate for ail of thèse forms is 
given in the accompanying table. 

The interest in the présent paper centers in the first pair, A-B, 
for it was in this line of cultures that the aurelia form appeared. 
B died after a few days, but A recovered from the shock of reor- 
ganization and soon began to divide at a slow rate. As is the eus- 
tom in such work, one of the daughter-cells from an early division 
was killed and stained, to détermine if conjugation had been nor- 
mally completed. The préparation shows that, instead of reor- 
ganizing with one micronucleus characteristic of P. cauddium, this 
individual had two, but otherwise appeared normal. From time 
to time after this individuals from this line of cultures were fixed 
and stained, and thèse préparations give a good history of the 
nudear conditions at différent periods. Some of thèse spécimens 
are shown in photographs on Plate i. Fig. i represents an individ- 
ual in the third génération after conjugation, with four micronuclei 
(already divided for the ensuing génération) and the as yet incom- 
plète macronucleus. Fig. 2 represents an individual in the 24th 
génération; Fig. 3, one in the 43d; Fig. 4, one in the 46th; Fig. 6 
shows two micronuclei in the end stage of division, the daughter- 
halves are connected by a délicate thread not seen in the photograph; 
Fig. 7, finally, represents an individual in the 22oth génération after 
complète recovery of the P. caudatum condition. The change from 
the one form to the other occurred during the first two weeks in May. 
Figs. 3, 4, and 5 represent three individuals from the same ancestor 
in the 43d génération. The first two individuals hâve each two 
micronuclei, the third has only one. Ail of thèse micronuclei show 
a marked increase in size over those shown in Fig. 2 for example, 
representing an individual in the 24th génération. 

During the month of May and until three months after the cul- 
ture was started, individuals appeared hère and there with but one 



Paramecium Aurélia and Paramecium Caudatum 



micronucleus, while the majority of them killed at this time appeared 
with one of the micronuclei larger than the other. By the end of 
June none of the P, aurelia forms were to be found, and thîs oilture, 
like the other cuUures started at the same time (G and X), contained 
forms with only one micronucleus; Paramecium aurelia had become 
P. caudaium again. This occurred between the 45th and the yoth 
générations, and the effect of this change upon the vigor of the race 
is évident from the remarkable rise which the accompan)ring curve 
representing the relative division rate takes at this period (see curve). 
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Ciirves showing one nearly complète cycle, and the variations in vitality as meas* 
ured by the division rate for ex-conjugants of the A séries (solid Une) and the G séries 
(broken Une). The ordinates xepresent the average number of divisions in zo-day 
periods. The rise in the A curve, as indicated in the first lo days in June, marks 
the recovery of the iminucleate condition characteristic of Paramecium caudatum. 

Maupas held that the two species of Paramecium can be readily 
distinguished by the characteristics given above. If we examine 
thèse characters in the light of the expérience with cultures, we find 
that they cannot hold good. For example, the relative size of the 
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two forms which Maupas, and with him more recently Simpson, 
held to be a distinctive feature, loses ail value when considered 
critically, whîle size relations in gênerai are absolutely untrust- 
worthy in settling questions of species. The variations which a 
species of Paramecium passes through under différent conditions 
of vitality are so great, and last for such long periods, that no infer- 
ence can be drawn from cell dimensions at any given time. Size 
dépends, apparently, upon two factors — the relative vitality, and 
the rate of cell division — and thèse two may probably be merged 
into one, which may be called the potential of vitality. Parame- 
cium caudatum under différent conditions shows wide variations 
in size. When taken directly from the natural habitat, where food 
is not overabundant, they are large, measuring on the average 
315 /A. The same forms cultivated on hay infusion, with its rich 
food content, multiply rapidly, and do not grow individually to 
the same size as the "wild" form. Thèse measure on the average 
(18 individuals killed at différent periods of the cycle) only 206 /*, 
with variations from 180 to 224 /* when the division rate was rela- 
tively high — two divisions per day. When the potential of vitality 
is nearly exhausted and the division rate is low, a similar small 
size is noticed; but at such a time it is obviously due to a différent 
cause, probably a loss of metabolic energy. The same différences 
are noticed in P. aurelia at différent periods of vitality, and the 
impossibility of considering size relations as of speciûc value is 
clearly established. During the first 45 générations of P. aurelia 
the division rate averaged only eight-tenths of a division per day, 
which is lower than that for the G and X lines, which averaged 
one and one-tenth divisions. Eighteen individuals killed at différ- 
ent periods of thie culture were measured during thèse 45 
générations, and the average length was 224 /*, with variations 
from 168 to 256 /A. After the loss of one of the micronuclei the 
division rate increased to the remarkable rate of 2.2 per day on 
the average for a period of four months, when vitality waned. 
During this period of rapid multiplication the size averaged only 
178 /A with variations from 148 to 212 /*. At this period the organ- 
isms in culture would hâve been identified by any microscopist as 
P. caudatum, although more than 40 M, on the average, smaller 
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than the one which would be classed as P. aurelia, while the latter, 
in turn, measured 90 /a less, on the average, than wild P. caudatum. 
It is quite apparent, thérefore, that size cannot be taken as a diag- 
nostic character in the présent case; and this is, after ail, only the 
application of a well-known principle in zoôlogical taxonomy. 

The pointed condition of the posterior end, also, in P. caudatum 
is likewise transitory, and may or may not be présent in forms which 
agrée in ail other characters. Pointed Paramecium, if isolated, 
and the descendants watched for four or five générations, as I hâve 
done, will lose this characteristic and will become rounded and 
blunt at the posterior end (cf. Figs. 3, 4, and 7). 

The sluggishness which Simpson advanced as a spécifie char- 
acter of P. aurelia is purely a physiological condition, depending 
upon the vitality at a given time, and is as much characteristic of 
P. caudatum as of P. aurelia. 

The breaking-up of the macronucleus at an earlier period in 
conjugation, which Maupas considered a diagnostic feature of 
P. aurelia, may also be due to physiological conditions. I cannot 
Write definitely on this point, as I hâve had no expérience with con- 
jugating forms of P. aurelia. By itself it would not constitute a 
diagnostic characteristic of sufficient value to détermine a species. 
So, too, the other characteristic feature of conjugating forms, named 
by Maupas, the number of corpuscles into which the fertilization 
micronucleus divides, would be dépendent upon the number of 
micronuclei présent, and would amount to the same thing in either 
case, if each of the two micronuclei of P. aurelia forms four micro- 
nuclei, as Maupas describes. The expérience which I hâve de- 
scribed above of the présence of two micronuclei after conjugation 
in forms which had only one before, indicates that eîght corpuscles 
characteristic of P. caudatum were also formed hère, but were 
resolved into a binucleate instead of a uninucleate condition. This 
characteristic, therefore, cannot be termed spécifie. 

Apart from the purely physiological characteristics which hâve 
little or no value in classification, there remaîns only the one spécifie 
feature to justify the attempt to separate P. aurelia and P. caudatum, 
viz., the présence of two and one micronuclei respectively. My 
experiments show that this, too, is inadéquate, for P. caudatum 
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may become P. aurelia, and P. aurelia may in time lapse again 
înto P. caudatum. It is to be inferred from thîs that the various 
forms whîch hâve been described as P. aurelia are in reality only 
''sports" of P. caudaium^ and if such "sports" are unable to keep 
up by inheritance the characteristic structural différences whîch 
distinguish them from the ancestral form, although this is main- 
tained for the long period of 45 générations, they cannot be 
considered a "good species." On the other hand, R. Hertwig 
gives some évidence, not conclusive, however, to show that P. aure- 
lia, after conjugation, reorganizes with two micronuclei. 

It must be admitted that one expérience of this kind may be 
insufiicient to throw out a species that has appeared to be so well 
established. It may be that my observation was made on a chance 
abnormality which paralleled P. aurelia, and that the real P. aurelia 
retains its integrity as a species. Personally, however, I do not 
believe it, and am reasonably confident that such abnormalities 
may be of fréquent enough occurrence in nature to account for the 
nimierous descriptions of P. aurelia that hâve been given. Forty 
générations is a long séries for an abnormality to be transmitted, 
and the number of individuals represented by 2 to the 40th 
power (as my culture represents), allowing for natural loss through 
enemies, etc., would provide enough spécimens with this abnor- 
mality to justify the belief that it is normal. On the other hand, 
it cannot be stated that P. aurelia is a well-established species. It 
is relatively rare in nature; its spécifie character has been con- 
tested by such eminent authorities as Bûtschli, Engelmann, Bal- 
biani, Stein, Koelliker, and Gruber; while Maupas and Hertwig 
succeeded in establishing it as a species only on the slender basis 
given above. My one expérience with this culture is strong enough, 
as I believe, to reanimate the old skepticism, and to justify us in 
abandoning either P. aurelia or P. caudatum. The latter is the 
more récent name given by Ehrenberg, and according to the rules 
of priority must be replaced by Paramecium aurelia, the name applied 
by O. F. Mûller to the "slipper animalcule." 

The physiological features presented by this experiment give 
some interesting data upon the vitality and nudear relations. The 
curve shows that a sudden rise in vigor accompanied the retum 
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to the normal through the loss of one of the two nuclei. Although 
it is difficult to estimate accurately the relative volumes of nucleus 
and cell body, some idea of the relationship can be given by meas- 
uring the two dimensions of the surfaces exposed. The surface 
of the macro- or micronucleus obtaîned by multiplying the two 
dimensions exposed, hâve a measurable relation to the total surface 
of the organism, and in a rough way this relationship represents 
the relative volumes. Measured in this way, it was found that 
in resting, végétative cells of P. aurelia the relation on the average 
of both micronuclei together to the whole organism is as 1:717 (or 
of the single micronucleus to total body as 1:1,434). In dividing 
cells this proportion rises to the ratio of 1:608 (or for the single 
micronucleus as 1:1,216). In the P. caudatum stage, after the loss 
of one micronucleus, the ratio of the micronucleus to the entire 
cell is expressed by the ratio of 1:648 for resting cells and^ 1:440 
for dividing cells. 

The macronucleus is generally considered to be the primary 
agent in constructive processes of the cell, and therefore of the first 
importance in considering the growth and division energy. In 
the P. aurelia phase, when the division rate was low, the average 
relation of the macronucleus to the whole body was as 1:43, with 
wide variations from 1:16 to 1:68. In the P, caudaium phase, 
with one micronucleus, the proportion of the macronucleus to the 
entire cell fell to 1:50 on the average, with variations from 1:39 
to 1:82. The différence is not great, and may well fall within the 
limits of expérimental error, and it is reasonable to infer that the 
physiological différences which are évident between the aurelia 
and caudaium forms do not owe their origin to the différence in the 
mass of macronuclear material. On a priori grounds it is reasonable 
to expect the more rapid multiplication in forms with the greater 
proportion of micronuclear material, and this is borne out in the 
experiments for it appears from the curve that during the period 
of abnormal micronuclei, when the smaller amount of micronuclear 
material was distributed in two nuclei, the organism was laboring 
under abnormal physiological conditions and had a lower division 
rate than when the normal uninucleate conditions were restored. 
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EXPLANATION OF PLATE i. 

M "" macronudeus. 
m—miaxAudeus. 

FiG. I. — Ez-cpnjugant of the A séries in the third génération after union. Four 
micronuclei can be seen to the right of the macronudeus, and, in addition, a rela- 
tively large unabsorbed fragment of the old macronudeus. The micronudd are 
precodously divided for the fourth génération. 

FiG. 2. — Paramecium aurelia in the 24th génération. The two micronudei 
may be seen at the lower end of the macronudeus, one on each side. 

FiG. 3. — Paramecium aurelia in the 43d génération. The two micronudd 
are of relativdy large size, and are dissodated from the macronudeus at the upper 
end of the animal (the two objects at the right of the macronudeus are foreign par- 
tides deposited on the organism). 

FiG. 4. — Paramecium aurelia in the 46th génération. The two micronudei 
are at the upper end of the macronudeus, and cannot be seen distinctly. 

FiG. 5. — Paramecium aurelia in the caudatum phase at the 43d génération 
after imion. The single micronudeus may be seen at the extrême right end of the 
nudear material. It is noticeably larger than the micronudd of the aurelia phase 
(compare Fig. 3). This spécimen is one of the same lot as that represented by Fig. 3. 

FiG. 6. — Param^um aurelia in the 32d génération with macronudeus and 
micronudei in division. Three of the micronudei are* shown with poînted ends; 
the fourth is out of focus and does not show. 

Fig. 7. — Paramecium caudatum phase of P. aurelia, in the a2oth génération. 
The relatively large micronudeus is dissodated from the macronudeus. This soed- 
men was killed when the division rate was high (end of July; cf. curve). 
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THE LIFE-HISTORY OF A COCHLIDIAN MOTH— i4Z?0- 

NETA BICAUDATA DYAR* 

Harrison g. Dyar, 
Custodian of Lepidoptcra, U. S. Natknal Muséum, Washington, D. C. 

The larvae of the Cochlididae, or slug caterpillars, are especî- 
ally interestîng to the entomologist on account of theîr peculiar 
forms and considérable diversity of structure. The author has 
been interested in this family for twenty years, and has been so 
fortunate as to work out the life-histories of many of the species 
inhabiting the Atlantic coast région of North America, as well as 
a few foreign ones. The results hâve been published in a number 
of articles;"""^ so it is not necessary to repeat hère the gênerai struc- 
tural characters of thèse larvae. They are highly specialized forms 
of Tineoidea or Microlepidoptera; that is, the larvae are highly 
specialized. The moths hâve not shared in the complication of 
structure exhibited in their early stages. The family is spread 
throughout the world, and is doubtless of early origin in géologie 
time. 

North of Florida and Texas, where peculiar forms occur, 26 
species are at présent known. Of thèse I hâve found the larvae 
of 20, and hâve been especially interested to secure the remain- 
ing six, if possible. It was the search for one of thèse, Manoleuca 
semifascia Walker, which resulted in the knowledge of the life- 
history of Adoneta bicaudata, though not successful in its immédiate 
object. In 1898 and 1899 I made collections of larvae at Morris 
Plains, N. J., where it was said that Manoleuca had been taken 
many years ago, hoping that it might still be there. The larvae 
were very small; but as nothing that looked to be the one sought 
appeared, they were tumed over to Mr. L. H. Joutel, of New York. 
Later in the season Mr. Joutel called my attention to two larvae 
which were new to him that he had noticed among his stock, and 
which he thought were from among those I had given him, or else 
came from Long Island. The new larva was allied to Adoneta 
spinuloides Herrich-SchaefiFer, and we thought it might be the Mono- 

*ReceiTed for publication October 5, 1905. 
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leuca, since that genus is allied to Adoneta as adult moths. We 
were not then successful in rearing the new larva. It is referred 
to in print** as Manoleuca ( ?), as I then thought it might be. Sub- 
sequently, in arranging the collections at the National Muséum 
at Washington, I found an inflated larva of this new form, together 
with a bred female adult, prepared by Mr. A. Koebele, formerly of 
the United States Department of Agriculture. The adult was 
not MonoleucGy but a light-colored form of Adoneta, which I supposed 
must be Packard 's leucosigma, though I could not be sure that the 
new larva properly belonged to it, not finding Mr. Koebele 's notes. 
On the strength of this spécimen, I listed leucosigma as a variety 
of spinuloîdes.*' In 1903 and 1904 Mr. W. F. Fiske, of the Forestry 
Division of the Bureau of Entomology, was collecting at Tryon, 
N. C, and he tumed up Manoleuca semifascia in numbers. At 
my request, Mr. Fiske secured eggs, but they ail proved infertile. 
In the fall of 1904, therefore, I went to Tryon for the purpose of 
finding the Manoleuca larva. I was unsuccessful; but in the search 
obtained a number of larvse of the new form of Adoneta. In the 
same season a number of adults were collected at Plummer's Island 
in the Potomac River, near Washington, by Messrs. August Busck, 
H. S. Barber, and E. A. Schwarz, and it became évident that I 
had before me an undescribed species of Adoneta, which was not 
leucosigma Packard. I therefore published a description of it,3° 
associating with it the new larva. 

The larvae from Tryon resulted in several maie and one female 
moths in July, 1905. The maies emerged before the female, and, 
in flying in the cage, lost their legs, so that they quickly destroyed 
themselves by buzzing on the ground. When the female emerged, 
I had no living maie left. I placed her in the cage at Rock Creek, 
near Massachusetts Avenue, in the District, but no maie was at- 
tracted. The next night Mr. H. S. Barber kindly took the cage 
to Plummer's Island and remained there ail night, but again with- 
out success. However, Mr. Barber took at light two maies of 
this species, which he kept alive in glass tubes. One had lost its 
legs and was useless, but the other was in good condition and was 
placed in the cage. Mating occurred on the third night after émer- 
gence of the female, and good eggs were secured. 
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Adoneta hicaudata is remarkable for the lateness of émergence 
of the adults, late July and early August being the time of flîght. 
One other species, Isochaetes beutenmuelleri Hy. Edwards, has 
sîmîlar habits and a similar distribution. Northern New Jersey 
and Staten Island N. Y.,"^ seem to be the limits of their range 
northward, and it is doubtful if they occur so far north in every 
season. Their lives as larvae are as long as those of any other species, 
namely about eight weeks, so that they are liable to be destroyed 
by early frosts before maturing. After spinning their hard cocoons 
on the ground or among dead leaves, they are immune to cold, 
though pupation does not occur till the following spring. The 
species is, of course, strictly single-brooded. 

The eggs are laid in groups of two to ten, overlapping, and placed 
on the backs of the leaves. They are usually deposited in low 
places, young red oak bushes in not too dense woods being the best 
situation. None were found on the higher branches. At Tryon, 
in 1904, ail the larvse taken were on small red oak trees. In 1905 
I took a larva near Washington (Rosslyn, Va.), also on red oak, 
and a number at Tryon at the end of September on this tree, and 
also on other plants, white oak and Ceanothus, The little larvse, 
on hatching, separate, having no tendency to be gregarious. Their 
first business is to molt, which they do within two days of hatching, 
without having fed during the first instar. In the second stage 
feeding begins. The young larvae, up to the fifth or sîxth stage, 
eat the lower epidermis and parench3rma of the leaf , cutti ig short, 
scattered, irregular channels of about the width of their bodies. 
They frequently change their feeding-place and pass readily from 
one leaf to another, but of course cannot leave the tree on which 
the eggs were deposited. When large enough, they begin to eat 
the whole leaf from the end or side inward, as the other species 
of Cochlidians do. The larvae. observed by me passed nine stages, 
though they can, no doubt, mature in eight under more favorable 
conditions. I was obliged to carry my larvae to northem New 
York, where they were fed on yellow birch, oak not being available, 
and were subjected to the rigors of an Adirondack climate. When 
matured the larvae change color slightly and leave the tree to spin 
their cocoons among dead leaves on the ground, wherein they pass 
the winter in the prepupal stage. 
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As compared with îts nearest ally, Adoneta spintdaides H. S., 
the larva of A. bicaudaia is narrower, less elevated at joint 5; the 
horns of joint 13 are long, prédominant over those of joint 12, which 
exceed those of joint 10; the widenings of the dorsal purple band 
are ail subequal, five widenings, each practically alike, no pushing 
out of the subdorsal horns of joints 6 and 7; caltropes reduced 
on the anterior side horns, joint 6, et seq.^ only well developed on 
joints^ and ^3; the color of the dorsal band is bluer purple than 
spinfdoideSy less reddish or maroon. 

DESCRIPTION OF THE SEVERAL STAGES. 

Egg. — Elliptical, colorless, shining, flat, the surface faintly retic- 
ular. The yolk forms a slightly opaque central mass, leaving a 
transparent rim. On the leaf the eggs are shining and transparent, 
resembling drops of moisture. Their extrême âatness enables 
them to be laid overlapping like shingles. Size, 1.4X0. 8X0.1 mm. 
The development of the embryo can be easily observed in eggs 
laid on glass. The shell is thin and transparent, merely a délicate 
skin. It is impossible to detach the eggs without destroying them. 
They hatch in 10 days. 

Stage /. — Elliptical, the dorsum flattened, the sides oblique, 
the venter flat. Head small and weak, without hard chitinous 
covering; mandibles and palpi présent, but reduced and weak; 
the mandibles with four equal blunt teeth incapable of feeding, 
colorless. A subdorsal and a latéral row of processes or "horns," 
one on a segment, the subdorsals on joints 3-13, the laterals on 
joints 3, 4, and 6-12. The subdorsals of joints 3, 4, 5, 8, 11, 12, 
and 13 are large, the others small; the laterals of joints 3 and 4 
are large, the others smaller, but not as small as the small subdorsals. 
ÏAch hom bears three setae, occasionally but two, slender, slightly 
clavate-tipped, smooth. The setae of joint 2 are not elevated on 
horns. Skin smooth. Colorless, whitish, without markings. On 
hatching, the larvae gathered in groups as they had been laid, 
and molted in two days. Length, 0.9 mm. 

Stage II. — Head rounded, white, clypeus highly triangular, 
reaching about half-way to the vertex; eyes black; mandibles 
stout, brown-tipped. Elliptical, narrowed behind, dorsum nearly 
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level. Subdorsal homs of joints 3-5, 8, 11, 12 spherical, large, 
densely spîned, those of joints 6, 7, 9, and 10 minute, with one tubercle 
and one spine only, and each approximated to the adjoining large 
hom; subdorsal hom of joint 13 small, with two or three spines. 
Latéral homs alike with three or four spines, except those of joints 
3 and 4, which are larger and more rounded. Skin rather densely 
granular, smooth, without markings. The spines are large, with 
large tubercular bases and black tips. The détachable tip is nearly 
as long as the shaft of the spine and is not enlarged near the junction. 
Thèse spines are presumably of the urticating type, as they hâve 
that structure, though they are probably too small to pierce the 
human skin, at least in this early stage. There is a row of fine 
hairs on the anterior edge of the hood (joint 2). Length, 0.9- 
1 .6 mm. 

Stage III. — Head elongate, higher than wide, whitish, the eyes 
in a round black spot, the mandible brown-tipped. Elongate ellip- 
tical, fiattened, rounded squarish, narrowed behind more than in 
front, the dorsum flat. Subdorsal homs large, rounded, well spined, 
those of joints 6, 7, 9, and 10 represented by four or five spines on 
the skin, approximated to the neighboring homs. Latéral homs 
moderate, rounded, ail elevated. Skin granular shagreened, the 
granules sharply conical over the dorsal région and separated by 
their own diameters or more, on the sides more flattened and irreg- 
ular till along the subventral edge they form a pattem resembling 
alligator skin. Ail whitish green, no marks. The depressed spaces 
(i) are faintly indicated, paired. The cores of the large subdorsal 
homs are slightly whitish. The spines on the homs hâve the détach- 
able tips relatively shorter than before, being not over one-third 
of the whole spine for the subdorsal homs. The latéral ones are 
less advanced, and hâve the stmcture of the subdorsals of the pre- 
vious stage. Length, i. 6-1. 8 mm. This is apparently the inter- 
polated stage. 

Stage IV. — Elongate, flattened, tapered behind, the ends tmn- 
cate; the larva generally sits a little curved. Subdorsal homs 
rounded, large, subequal on joints 3, 4, 5, 8, 11, and 12, the pair 
on joint 13 small, not as yet produced. The short homs of joints 
6, 7, 9, and 10 rounded, well spined, not so strongly approximated 
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to the neighboring horns as before. Latéral homs small, sub- 
equal. Skin densely granular shagreened. Depressed spaces (i) 
distinct, paired, a little whitîsh. Translucent greenish, a narrow 
white Une along the subdorsal ridge the whole iength. Homs 
slightly yellowish-tinted, with a trace of vinous shading at the ends 
of the body. Later there appear more decided traces of color. 
A yellowish-white band in the subdorsal ridge is broken into six 
slightly oblique broad bars under the long homs, elsewhere faint; 
there is a fine linear straight white dorsal Une, broken, most distinct 
centraUy, dividing the small white dots of depressed spaces (i). 
A sUght purpUsh infiltration in the dorsal space between thèse 
marks. Length, 1.8-2.8 mm. 

Stage V. — Elongate, flattened, tapered behind, the subdorsal 
hom of joint 13 about two-thirds as long as that of joint 12, the 
rest subequal, those of joints 6, 7, 9, and 10 very small. Latéral 
homs of joints 3 and 4 moderate, the rest smaU. Green, whitish 
along the sides; subdorsal homs yeUow with a yeUowish- white 
subdorsal band below them, narrowed in the spaces between to 
border the dorsal space, which is espedaUy elUptically widened 
at the short homs of joints 6-7 and 9-10. A broken white dorsal 
Une; depressed dots (i) greenish, impressed. A sUght purple 
infiltration ail along the dorsal space between the markings. Length, 
2 . 8-4 . 1 mm. 

Stage VI. — Homs of joint 13 distinctly elongated into tailsi 
longer than the subdorsals of joint 12. ElUptical, the sides wide 
centrally and flattened, the dorsum long, straight, narrow. Homs 
moderate, the short subdorsals distinct, separate, about as large 
as the latéral homs, of which those of joints 3 and 4 are stouter, 
but hardly longer than the rest. Green, the subdorsal ridge broadly 
yeUow, narrowed at the short homs, causing the dorsal space to 
expand there, apparently. A broken white dorsal Une touching 
the white dots of depressed spaces (i). Dorsal space partly purple- 
fiUed. A broken yeUow Une beneath the latéral homs. Subdorsal 
hom of joint 3 sUghtly red-tipped. Spines black-tipped; skin 
densely frosty granular; the latéral depressed spaces show faintly as 
large, concolorous, kidney-shaped hoUows. Later the markings 
become more pronounced. Green, the subdorsal homs of joint 3 
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red, those of joints 4 and 5 red-tîpped, the rest green. Dorsal 
marking expanded in the intersegments 3-4, 4-5, 5-8, 8-10, and 
very slîghtly lo-ii and 11-12, the first and last green-fiUed, the rest 
dark purple, eut by the yellow dorsal line and the pale depressed 
spaces (i), broken at joint. 8, broadly yellow-edged to the sub- 
dorsal homs. Homs with stinging spines, no caltropes. Skin 
sparsely dear granular. Length, 4.1-5.2 mm. 

Stage VII, — ^As before. The subdorsal homs of joint 13 
are long and tapered. The subdorsals of joints 3-5 are red, those 
of 12 and 13 slightly red-tipped; a greener line within subdorsal 
ridge. Length, 5.2-6.9 mm. 

Stage VIII. — Subdorsal hom of joint 3 a little longer than those 
of joints 4 and 5, but ail now very short, those of joints 6-1 1 still 
shorter, of 12 a little longer, of 13 long and tail-like. Side homs 
ail very short. The level narrow dorsum is yellow and opaque, the 
dorsal band of purple widens into five subequal patches, nearly 
divided at joint 8, where the purple is replaced by red and is linear 
only. The last patch, on joints 11 and 12, is a little smaller; joint 
13 dorsally green. Homs bright red. Sides ail dear green; a 
broken white line along the latéral ridge and irregular white marks 
in the latéral depressed spaces. Skin granular; spines pale; no 
caltropes, except perhaps two or three on the basai anterior green 
spot of the hom of joint 13. Dorsal impressed dots (i) greenish 
with white rings. A dorsal white line narrowly cuts the purple. 
Length, 6.9-9.3 mm. 

Stage IX. — ^Long, rather narrow, quadrate, a little tapering 
behind. Dorsiun broad, flat, not arched and scarcely higher at 
joint 5, yet a little so. Subdorsal ridge indicated by change in 
direction. Sides perpendicular or nearly so, the latéral space broad, 
continuons with the subventral space which is infolded in the middle. 
Subdorsal homs distinct, short, those of joints 3, 4, 5, and 12 mod- 
erate, those of joint 13 long, nearly three times as long as the ones 
on joint 12, the rest short, those of joints 8 and 11 a little larger 
than the others. Side homs short, sessile, wider than long, those 
of joints 3 and 4 a little longer than those of 6-12. Caltrope 
patches on the homs of joints 6-12 and on the base of the subdorsal 
hom of joint 13, large on joints 12 and 13, then progressively smaller 
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till the homs of joints 6 and 7 hâve only a few or no caltropes. Skin 
finely clear granular except on the homs. No end spines. Dorsum 
yellow- or red-shaded, a purple band with white glandular dots 
and central dorsal line much as in spinidoideSj but of différent shape. 
It widens between joints 3 and 4, 4 and 5, then moderately widens 
on joints 6 and 7, narrows to a slight bordering of the white dorsal 
line over joint 8, widens behind the homs on 9 and 10, moderately 
widens between joints 11 and 12 and ends, joint 13 being green 
above. A bright red, diffuse, subdorsal band; ail the subdorsal 
homs red. Below, a yellow stripe, narrowly red-edged, waved. 
Sides green, a row of yellow dashes along the latéral homs, green- 
edged above; yellow rings on spaces (4). A white line along the 
subventral edge. Stinging spines short, not numerous. Depressed 
spaces (i) and (2) represented by white dots, (i) paired and on 
joints 3-4 and 4-5 aiso double; depressed space (4) reniform, dis- 
tinct; slight hollows subventrally; spirade of joint 5 moved up 
out of line. Length, 9.3-13 mm. 

Cocoon. — Nearly spherical, hard, brown, one end opening like 
a drcular lid on émergence, though there is no sign extemally of 
the crevice of the lid. Spun with a slight veil against a leaf . Diam- 
eter, 5 mm; length, 7 mm^ 

Pupa. — ^With the characters of the family. Délicate, thin- 
skinned with the members free. It émerges nearly out of the cocoon 
when the adult issues. 

Food plants. — The red oak is the preferred plant, though the 
larvae will feed on almost any smooth-leaved tree. I found one 
on maple at Tryon, the others mostly on oak. In confinement my 
larvae fed on yellow birch, which they seemed to prefer to soft maple. 
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EXPLANATION OF PLATE 2. 

FiG. I. — The larva in Stase I, dorsal view. 

FiG. 3. — One of the subdorsal homs of Stage I, the spines of the next stage appear- 
ing by transparency. The larva was about to molt. 
FiG. 3. — ^A spine of Stage II. 
FiG. 4. — The mature larva in position of feeding. 
FiG. 5. — ^A seta of the last stage. 
FiG. 6. — ^An urticating spine of the last stage. 
FiG. 7. — A caltrope spine of the last stage. 



EXPERIMENTAL METHODS AS APPLIED TO WATER- 
AND SEWAGE-WORKS FOR LARGE COM- 

MUNITIES* 

George W. Fuller. 

Thât progress means advance in knowledge and the graduai 
transition of information from the unknown to the known is of 
course a truism. The manner by which progress is made in différent 
Unes of work varies widely. The expérimental method as appUed 
to the teaching of science in educational institutions has been of 
great benefit, and the application in a more systematic manner 
than formerly of the so-called "eut and try" method of the early 
inventors has resulted in more substantial progress in many mechan- 
ical and industrial Unes. By the man of affairs this advance in 
knowledge is referred to as additional expérience. It is not the 
purpose of this paper to attempt an analysis of the manner by 
which knowledge in gênerai is advanced, but to refer somewhat 
briefly as a matter of record to the way in which there hâve been 
solved various sanitary problems which a quarter of a century ago, 
for ûnancial or other reasons, seemed out of question. 

It is fitting on this occasion that this topic should be touched 
upon, owing to the influence exerted upon this Une of work by the 
two institutions with which Professor Sedgwick has been most 
actively connected in récent years, viz., the Massachusetts State 
Board of Health and the Massachusetts Institute of Technology. 
The former has for years been the foremost among the state boards 
of health of America in leading local authorities to improve their 
water- and sewage-works in an efficient and economical manner. 
Its influence has extended, not only to other states, but also to 
numerous places throughout the civiUzed world. The Massachusetts 
Institute of Technology has exerted a less direct influence; but, as a 
training school for many who hâve taken a prominent part in improv- 
ing water- and sewage-works, this institution and a number of its 
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teaching stafif hâve achieved results which will be more fuUy appre- 
dated as the years go by. 

While the expérimental method so successfully applied in the 
student laboratory may in its way call for just as conscientious and 
diligent effort as when applied to projects involving immense sums 
of money, yet the responsibility associated with the latter is far 
greater. It is necessary, in carrying out successfully thèse large 
practical problems, not only to draw correct conclusions from fuU 
représentative premises of a complicated nature, but also to adjust 
the Project to a reasonable business basis, to make it fairly well 
understood by non-technical officiais and citizens, and to défend 
it from the obstructionists who, for political or selfish reasons, cross 
the pathway of nearly every large public enterprise. In meeting 
thèse requirements there has been called forth a séries of efforts 
which are of great significance to the public from the sanitary and 
finandal standpoints, and which form notable achievements in the 
field of applied science. 

BENEFITS OF IMPROVED SANITARY WORKS. 

Improved water- and sewage-works of course do not explain 
by any means the entire improvement which for the past quarter 
of a century has been so characteristic of the sanitary conditions 
of a majority of the civilized communities of the world. But, illus- 
trative of the scope of such improvements under the guidance of 
wise sanitary authorities, it is of interest to point out the markedly 
decreased death-rates in Massachusetts from water-bome diseases, 
of which t)rphoid fever is the t)rpical, but not the only one. 

DxATB Rates ter 100,000 Population raOM Typhoid Fxvss m the State or Massacbx^setts 

BY Fivb-Yeae Periods rEOM 1881 to Date. 
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What is true of Massachusetts is in a gênerai way true of many 
sections of both America and Europe where the population has 
become quite dense, and demands for water- and sewage-works of 
satisfactory character hâve pressed forward for attention in récent 
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years. No attempt will be made hère to show the great sanitary 
benefit derived from other factors than improved water supply and 
sewerage, as thîs matter is dearly set forth în standard works upon 
sanitation and officiai reports from various quarters of health author- 
ities who deal with the accomplishments of the modem health 
officers. 

It is sufficient hère to présent dearly to the reader the thought 
that modem sanitary sdence has greatly increased the comfort and 
safety of livîng. In various dties the réductions in death-rates hâve 
been far greater than as given above for the state of Massachusetts. 
This is especially true in cities where badly polluted water supplies 
hâve been replaced by improved supplies. Numerous instances 
of this sort are on record where annual typhoid fever deaths of 50 
to 100 per 100,000 hâve been reduced to about 20. Thèse cities 
include not only those now receiving upland waters from unpolluted 
sources, and ground water, but also those having filtered water 
from earlier but polluted sources; for example, Lawrence, Mass., 
Albany, N. Y., York, Pa., and Lorain, Ohio. Intestinal diseases 
other than t)rphoid fever hâve been so reduced as to lower the 
gênerai death-rate materially. For low-lying communities like 
New Orléans modem drainage has lessened notably the gênerai 
death-rate, and sewerage brings safety as well as comfort to com- 
munities, among other ways by eliminating privy vaults and the 
Ukelihood of disease transmission by Aies, etc. 

As to financial considérations, it is difficult to présent the fuU 
significance of this feature to the gênerai reader without statistics 
which would be out of place in a short gênerai article like this. 
Usually water-purification projects proper cost about $3 to $5 per 
inhabitant served; but pumping, force-mains, conduits, réservoirs, 
and other associated appurtenances sometimes increase the invest- 
ment to $15 to $25 per capita. Sewage purification frequently 
is more expensive than water purification. Upon capitalizing the 
operating expenses, it is found that modem sanitary works, while 
involving only small costs for the individual, reach sums of millions 
and tens of millions of dollars for our large cities. The solution 
of thèse problems has brought many added duties to sanitary author- 
ities, to professional men who assume the responsibility for con- 



Expérimental Methods in Water- and Sewage-Works 23 

stnictîng and operating the required works, and to the educational 
institutions which give technical training to young men desirous 
of entering thîs field of work. 

NEW CONDITIONS WHICH HAVE BEEN ENCOUNTERED. 

Twenty-five years ago the large cîties of America were, of course, 
provided with public water supplies, and many of them had pro- 
gressed considerably in adopting sewerage Systems, although thèse 
latter now appear to hâve been more or less crude. Sewage-purifica- 
tion plants and water-purification plants, with perhaps half a dozen 
small and scattered exceptions, were practically unknown. A 
large proportion of the water supplies, especially in the Central 
West, were seriously objectionable in the excessive quantities of 
mud which they carried, and so différent in their nature from the 
comparatively simple filtration projects of Europe that engineers 
naturally hesitated for financial reasons to attempt their construction, 
to say nothing of the question whether they would be able to give 
satisfactory service. The bacterial and hygienic aspects of thèse 
problems, which are now recognized to be of so much importance, 
were almost unknown. In fact, the germ theory of disease had 
not risen to gênerai acceptance. 

The médical man interested in public health knew in a gênerai 
theoretical way what he wanted, but he was ordinarily unable to 
State his requirements in a manner understood by the engineer 
or by the taxpayer. Engineers were able to build any reasonable 
Works, but were unable to leam in terms of the constructor what 
was required with sufficient deûniteness to allow them to make even 
preliminary sketches and estimâtes of cost. The chemîst and 
bacteriologist occuppng an intermediate position produced with 
ill-suited methods analytical data full of mystery for everybody. 

Misunderstanding continued until men interested in varions 
Unes of applied sanitary science co-operated in a manner to make 
themselves mutually understood. The successful movement to 
this end, at least in the United States, had its inception chieây in 
Massachusetts some 20 years ago. It has resulted during the past 
dozen years in some notably well-balanced designs for American 
water- and sewage-works, which hâve demonstrated their sound 
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merit in practice. In this article it is the endeavor to outline the 
development of this aspect of expérimental methods. 

EXPERIMENTAL METHODS IN MASSACHUSETTS. 

The expérimental methods which hâve been put in practice in 
America so much in récent years may be defined as the bringing- 
together of reliable preliminary data from the engineering, chemical, 
bacterial, and hygienic standpoints, in order that efficient sanitary 
Works may be built for a wide range of local conditions within the 
limits of reasonable cost; and if data are inadéquate for fair assump- 
tions, then the procuring of the needed data by practical tests on a 
small scale. 

It is the Massachusetts State Board of Health to which crédit 
is principally due for developing this method to serve as a guide 
for such Works. In 1886, when the présent board was oiganized, 
one of its first steps was to establish the Lawrence Experiment 
Station, whereby data were to be secured to show the best means 
available under various local conditions for purifying water and 
sewage. The législature enacted that this board should serve as 
a sanitary tribunal, before which the local authorities should place 
their projects for water- and sewage-works, and whose approval 
was requisite before the state authorities granted the local author- 
ities permission to issue bonds for their construction. This experi- 
ment station has been in continuous service since the autumn of 
1887, and has attained a high réputation among various workers 
in the field of sanitary science throughout the world, in addition 
to fulfilling its main purpose of aiding the citizens of Massachusetts 
in economically improving their public works, whereby to a material 
degree the health and comfort of the people of the state hâve been 
enhanced. Thèse results are so well known that it is needless 
hère to go into détail. 

The classical investigations at Lawrence, as set forth in the annual 
reports for the past 15 years, hâve undoubtedly done more than 
any other séries of investigations in the world to place the science 
of purifying water and sewage on a sound practical basis. It is 
true that earlier workers abroad had previously taken important steps 
along some of thèse Unes, and that sand filtration of water had for 
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many years been in use. But they did not secure comparable paral- 
lel data from the engineering, chemical, and bacterial standpoints 
wîth anything like the completeness obtained at Lawrence, whereby 
the laws goveming successful practice could be broadly stated for 
a wide range of conditions. 

Not only has the Massachusetts State Board of Health availed 
itself of a testing department, but with other departments it has 
placed itself in a position to utilize such data advantageously. This 
has been done by an analytical department procuring data at fré- 
quent intervais as to the character of various water supplies, rivers, 
effluents, etc., and, more especially, by a well-trained engineering 
corps which applies the various data to the needs of each problem 
coming to the attention of the board. 

That the Massachusetts State Board of Health handles well 
the work coming within its jurisdiction is conceded by ail in a posi- 
tion to know of it intimately. It is true that the board is criticised 
for not devoting itself more enthusiastically to studies of methods 
finding favor elsewhere, but this criticism has little to support it. 
The board properly confines itself to the solution of problems within 
the State, and of course does not consider it necessary to do more 
than keep generally familikr with other methods, no matter how 
suitable they may be for work elsewhere. 

EXPERIMENTAL METHODS ELSEWHERE IN AMERICA. 

In water purification the Massachusetts problems are, generally 
speaking, much easier and simpler than those of the Central West 
and South, where enormous quantities of silt and clay complicate 
the necessary works for treating the water, and add materially to 
the cost as regards both construction and opération. In a manner 
similar to the procédure at Lawrence, thèse problems were worked 
out at Louisville, Pittsburg, Cincinnati, and New Orléans. At 
numerous other places the expérimental method has been used 
in adapting more strictly the design of works to local conditions, 
especially in the preliminary treatment of turbid waters (Phila- 
delphia and Harrisburg), the removal of color from surface waters 
(Providence), of iron from ground waters (West Superior), the 
softening of hard waters (Columbus), and the removal of tastes 
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and odors (Reading and Sprïngâeld). Thèse problems hâve aU 
been carefully studîed in small test devices for securing data neces- 
sary for advantageous design and opération. 

Sewage purification has also been studied under various local 
conditions at several places, especially at Worcester, Mass.; Paw- 
tucket, R. I.; Berlin, Ont.; the Institute of Technology, Boston; 
Columbus, Ohio; and Waterbury, Conn. In most cases the sewage 
studies hâve arisen because of inability or great ezpense in applying 
the well-known Massachusetts method of intennittent âltratîon 
through sand, or because of peculiarities of the local sewage. 

A partial list of the more prominent investigations as to purifying 
water and sewage, with dates and approximate costs, is as follows: 
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It is not pretended that the above list is complète. In fact, 
there are other tests wbich, while small and of short duration, hâve 
had much to do with professîonal opinion. Perhaps the most 
important were démonstrations at LouîsviUe and St. Louis, many 
years ago, that plain sand filtration was incapable of treating the 
muddy Ohio and Mississippi River waters after plain sédimenta- 
tion in large basins. 

The benefit derived from the expérience of the owners of propri- 
etary devices cannot be overlooked — especially in regard to various 
appliances of mechanical filters wbich occasioned the expenditure 
of much money before being brought to their présent state of devel- 
opment. At Louisville alone the âve competing filter companies 
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spent more than $50,000. More recently their devices, when tested, 
hâve been purchased at the beginning. 

Whfle thîs paper is devoted essentially to methods of purif)dng 
water and sewage by works partly or whoUy of artificial construc- 
tion, mention should be made of the important advances in the 
allied field of water supply from storage réservoirs, and the disposai 
of sewage by dilution. Âmong the more prominent investigations 
of this kind should be stated those field survejrs and laboratory 
studies made in connection with the Chicago Drainage Canal, the 
additional water supply of New York City, the improvement of 
the Charles, Mystic, and Neponset Rivers in Massachusetts, and 
foreshore pollution along the Massachusetts coast. Several himdred 
thousands of dollars hâve been expended on thèse investigations. 

OBJECT AND ADVANTAGES OF EXPERIMENTAL METHODS. 

The purposes of applying expérimental methods to problems 
of water and sewage purification are chiefly threefold, as foUows: 

1. To provide data for the officiai and technical authorities, 
to enable them to adapt new works most advantageously to the 
local conditions, and to indicate dimensions and other physical 
conditions permitting contract plans to be prepared and the cost 
of construction to be approximately estimated. 

2. To educate the non- technical public, who as citizens and 
taxpayers are interested in public works. 

3. To provide data so that the officiais can ôperate effectively 
the Works after they are completed, and forecast the approximate 
cost of opération. 

Technical daUi. — In regard to the first object accomplished, 
that of enabling city officiais and their technical advisers to design 
economically works of a suitable character, it goes without sa)ring 
that this has been of the greatest importance, and is a strong factor 
in explaining the rapid âtrides in successful sanitary works accom- 
plished during the past few years. It has frequently been the advice 
of technical men, in dealing with problems which diflFer from those 
successfuUy solved elsewhere, to make tests for a year or so at a 
cost approximating the interest for one year for the works contem- 
plated. In this way the cost of errors and unbalanced designs 
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has been largely minimized, and the effidency has been increased. 
In the field of water and sewage purification the information and 
expérience now available are sufficient in a majority of cases to 
enable thèse problems to be advantageously handled by experienced 
workers along thèse lines. There are some problems, however, 
that still can be advantageously treated by the expérimental method. 
They refer especially to sewage problems in which trade wastes 
are involved, and to water problems where the composition of the 
water is quite unusual in some particulars on fréquent occasions. 
From the technical standpoint, however, the field of water and 
sewage purification, broadly speaking, has passed beyond the expéri- 
mental stage, and the advances, both as to efficiency and economy, 
are largely to be gained, not from expérimental plants, but by the 
careful and more systematic opération of works in practice. Such 
studies will, of course, lead to improvements which can be taken 
advantage of in the construction of new works, and will gradually 
bring to a higher plane of excellence the art of water and sewage 
purification on its présent scientific basis. 

Educational aspect. — It is frequently said that communities 
progress in proportion to the advance in knowledge of the average 
citizen, or to the mean knowledge of the community as a whole. 
There is a good deal in this, and ît brings forcibly to mind the neces- 
sîty of educating the public as to what improved sanitary conditions 
really mean, and of letting them ascertain for themselves what can 
be accomplished along thèse lines in the field of applied science. 
Non- technical people hâve a natural aversion to the word "experi- 
ment," notwithstanding the aid derived from devices which not 
improperly may be termed expérimental. While the term "experi- 
ment station" from its use at Lawrence and a few other places 
seems to hâve a firm footing in some localities, it is gradually giving 
place to the term "testing station." This is a much préférable 
expression in many ways, as it disarms the criticism of many who 
seem to think that thèse investigations are conducted in a "hit or 
miss" manner, much after the fashion of the early inventors. This 
is not so, as expérimental methods, as now ordinarily applied to 
water- and sewage-works, are aimed at testing procédures found 
successful elsewhere, but which may require adaptation to local 
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conditions in regard to soine détails. Their magnitude, while rela- 
tively small for reasons of economy, is still much greater than that 
which seems to be taken for granted by numerons citizens, who 
associate the word "experiment" with a test tube, or with a mechani- 
cal device which is so imperfect that no one dares to build it on 
a large scale without further experiments. The methods of puri- 
fying water and sewage hâve now advanced to a degree where the 
phrase "testing station "in new projects will imquestionably displace 
''experiment station;" and the testing of thèse processes where 
unusual conditions are expected will assume a dignity comparable 
with that of the regular departments which systematically test 
cernent, steel, and other materials used for building purposes. In 
fact, it is interesting to note that the laboratories at many testing 
stations hâve been utilized regularly for testing construction materials. 

Where water- and sewage-purification projects involve hundreds 
of thousands of dollars or more for construction costs, the so-called 
expérimental methods, as applied in accordance with the foregoing 
statements, hâve given wonderful courage in many places to offi- 
ciais who otherwise would very naturally hâve been in a hesitating 
frame of mind, and inclined more to listen to the "doubting Thom- 
ases" who in ail conmiunities, for selfish or other reasons, appear 
as opponents and obstructionists to modem sanitary works. Even 
if the technical advisers of the projects were not assisted by such 
data, it is quite likely that the testing station for many projects 
would indirectly in this way do far more good than the cost involved, 
in saving lives and in hastening the day when communities will 
meet their problems in accordance with the best information available. 

In speaking of the educational benefit derived from applying 
expérimental methods to water- and sewage-works, the technical 
men, especially those in charge of the tests, hâve an important duty 
to perform in teaching non-technical officiais, and varions citizens 
who are interested in the work, the fundamental principles of the 
process involved, and in assisting them in ascertaining what prac- 
tical Works would mean, both hygienically and financially. Along 
this gênerai Une the Institute of Technology has played an impor- 
tant rôle, largely through having had for many years on its teaching 
stafiF a man who to an extraordinary degree possesses the faculty 
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of getting fundamental truths of sanltary science before his hearers 
in such an attractive manner that they never forget them. It is 
the belief of the writer that the work accomplished by Professor 
Sedgwick along this Une is unequaled by that of any other man 
in this countiy, either in educational or other Unes, and that this 
fact in a few years wiU be far more widely reaUzed than at présent» 
when his younger pupils throughout the country reach an âge where 
their work wiU be felt in the communities in which they Uve. This 
influence is ahready to be foiind in many unexpected places, and 
forms a wonderful tribute to the success accompUshed by Professor 
Sedgwick in one of his many Unes of usefidness. 

Opération of works. — ^After water-and sewage-purification works 
are constructed, it is imperative that they shaU be operated in an 
inteUigent and efficient manner. The benefit of this has long been 
demonstrated in Europe, and the absence of such supervision in 
many places in America shows the foUy of careless and indiffèrent 
management. No matter how weU water- and sewage-purification 
works may be designed and built, there is no engineer who can give 
assurance that the results accompUshed will be satisfactory unless 
the Works are well managed. Not only must the works produce 
a resuit which is satisfactory from a scientific standpoint, but their 
behavior should be put before the citizens in a way that will inspire 
confidence. When fair-minded citizens as a mass continue to lack 
confidence in works of this type, the latter cannot be called an 
imqualified success, no matter how fuUy scientific facts may show 
their adequacy. 

The Massachusetts Institute of Technology instituted the plan 
of especially training young men along technical Unes, so that they 
might become compétent to serve as superintendents for water and 
sewage-purification works. In this pioneer work they are entitled 
to great crédit, and their example is already being foUowed by similar 
institutions elsewhere. This is an important field of technical 
éducation, as a majority of such technicaUy educated men in the 
future will be connected with the management, rather than with 
the construction, of works of this type. 

In passing, it may not be amiss to say that the technical manageis 
of works of the t)rpe under considération must hâve other quaU- 
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fications than those of a scientific nature. They must be able to 
maintain amicable relations with executive superiors, to manage 
laborerSy to keep records in a manner fairly comparable with the 
high degree to which the art of bookkeeping in large business houses 
has advanced, to prépare reports containing essential features in 
explidt but terse terms, and to make plain to non-technical men 
in both public and private capacity the more essential features of 
their own position and of the data by which their e£Forts show what 
is being accomplished. This type of spedalists will naturally develop 
in effidency as their responsibilities increase; but there is still much 
work for the technical schools to do in preparing young men more 
adequately for thèse duties. 

Tentative installations, — hs distinguished from the testing stations 
built solely for the purpose of tests, there is, of course, one other 
method of a somewhat expérimental nature by which local data 
are used in determining whether large works are most advanta- 
geously constructed. I refer to the plan of constructing works 
gradually, or tentatively, and of using data from the opération 
of the first portion of the installation to serve as a guide in 
arranging the détails of the portions subsequently to be built, and 
also in dedding upon the magnitude of the works sufficient for a 
given capadty or to serve for a given term of years. This is the 
style of works, from the expérimental point of view, which f requently 
obtains in Europe, and which will obtain in some places in this 
country. As yet there has not been a wide application in America 
of s;uch data obtained on a large practical scale, although, of course, 
they are availed of more or less in ail works where extensions are 
required. This condition has been reached at several sewage- 
works in New England, and the results of expériences in the field 
hâve been sunmiarized by the Massachusetts State Board of Health. 
It is gratif3dng to state that practical results are in gênerai con- 
formity with the prindples of water and sewage purification as 
developed by tests on a small scale. 

EXPERIMENTAL METHODS IN EUROPE. 

In Europe the water-purification problems do not cover nearly so 
wide or difficult a range of natural conditions as those met in America. 
Filtration has in récent years not received as much attention experi- 
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mentally as has been the case with sewage-works. In earlier years 
however, expérimental methods had much to do with the develop- 
ment of water filters abroad. It is not to be forgotten, furthermore, 
that in Germany much good work during the past dozen years has 
been done in developing the most practical methods for removing 
iron from ground waters. At présent the most interesting feature 
of water-purification developments in Europe refers to the prelîmi- 
nary treatment for some of the river waters which are fairly turbid 
during freshets, and to efforts to sterilize water economically by 
ozone. The most notable instance of the former is at Suresnes, 
near Paris, where the Seine water below the metropolis is subjected 
to filtration six times, the first filters being of coarse gravel to effect 
clarification. 

In England, which is the home of modem sanitary engineering, 
sewage-purification works hâve received more attention than in 
any other country. The density of population in England and 
the relatively small size of its rivers hâve, of course, forced this con- 
dition at an earlier date than is generally true of other countries. 
While for some years the English hâve not contributed much on 
the subject of water filtration, their expérience in the field of sewage 
purification far exceeds that of any other country. Expérimental 
methods in one form or another hâve played an important part 
for half a century, beginning with efforts to utilize the manurial 
value of sewage. This is largely owing to the différences in various 
local conditions, especially topography, geology, and the compo- 
sition of the sewage as influenced by trade wastes. Not only hâve 
the English conducted test filters and other processes of purification 
on a small scale, but they hâve also gathered many data of great 
value by the opération of their works in practice along Unes which 
enable current expériences to be utilized in developing future works. 

Thèse data hâve been so universally obtained in conjunction 
with the opération of existing works in practice that it is very difficult 
to ascertain even roughly what their cost has been. The staff regu- 
larly engaged in operating the main works has secured the technical 
data, so that the expense has been confined to building the test 
devices, relatively small in size, and to a little extra labor for opéra- 
tion. The large mass of valuable testimony published in numerous 
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municipal reports and by the Royal Commission on Sewage Dis- 
posai shows what a fund of knowledge bas been accumulated at 
London, Salford, Sutton, Exeter, Bumley, Accrington, Hudders- 
field, Leicester, Birmingham, Bradford, Devizes, Hanley, and other 
dties, and which for most places bas been obtained with almost 
no spécial fund devoted to testing purposes, comparatively speaking. 

At Leeds tbe unusually thorougb sewage tests made during the 
past eight years received appropriations of about $150,000, some 
two-thirds of which bas been actually devoted to that purpose, 
Manchester bas also expended quite large sums for expérimental 
purposes, although, for the reasons above stated, the expenditures 
were by no means commensurate with the information obtained. 
The Royal Commission on Sewage Disposai in England is under- 
stood to bave an appropriation of about $55,000 for the expenses 
of its own staff and the traveling expenses of the numerous witnesses 
who bave appeared before it. There are also spécial river boards 
and county coundls, with excellent technical staffs, which gather 
many valuable data. 

In France sewage purification bas been the subject of expéri- 
mental study, beginning with the labors of Mille in 1868 at Gen- 
nevilliers. Thèse tests resulted in the establishment of the présent 
sewage farms of Paris. Within the past few years the biological 
methods of purification bave received attention both from the city 
of Paris and from the Department of Agriculture. The latter bas 
a gênerai supervising control over water and sewage matters outside 
of Paris, and is devoting an appropriation of about $60,000 to such 
investigations. Thus far thèse studies bave been made by Professor 
Calmette at Lille, as set forth in bis interesting progress report of 
last autumn. 

In Belgium the govemment is paying particular attention experi- 
mentally to the treatment of trade wastes at a spécial station devoted 
to that purpose at Verviers. 

The govemment of HoUand established, in 1904, a sewage-testing 
station at Tilburg, the cost of which to date is approximately $15,000. 
No reports bave yet been published. Several ozone plants bave 
been tested in HoUand, and the city of Rotterdam is now arranging 
to test a mechanical filter on the local river-water supply. 
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In Germany numerous experiments hâve been made upon the 
sédimentation of sewage for purposes of clarification, and the so- 
called biological methods hâve been studied for some years, begin- 
ning in 1895, when a testing station was established by Professor 
Dunbar at Hamburg, which station is still in opération. In 1901 
the Prussian govemment established a permanent organization 
for testing water- and sewage-purification methods. This "insti- 
tute" has gathered together and published the more important 
data as to expériences in other countries, has conducted several 
important sewage-testing stations in the suburbs of Berlin, and has 
coUated many useful data as to the sanitaiy works of the cities of 
Prussia and neighboring territoiy. This department has an annual 
appropriation of about $30,000 for testing, inspecting, anal3rtical, 
and clérical purposes. The sum devoted to testing purposes varies, 
but is materially supplemented by the arrangement of conducting 
investigations for various local authorities, the expense for which 
is borne in part by the community benefited. The department 
also established the custom of officially examining proprietary 
devices, largely at the expense of the owners in cases where the 
devices seem to possess sufficient merit. In this way a mechanical 
filter of the Jewell type was recently tested at the Mûggelsee plant 
of the Berlin water-works. The same filter is now being tested 
on the colored water supply of Kônigsberg. 

The relative amounts of suspended matters deposited from sew- 
age at différent velodties hâve been studied carefully under vary- 
ing local conditions at Frankfurt, Cassel, Hannover, and Cologne, 
as shown by the data published in municipal reports and the technical 
press. In thèse cities, as in England, it is difficult to ascertain 
the cost of the tests, because so much of the work was done by the 
regular staff of the technical authorities of the cities. The scope 
of the tests has probably been greatest at Frankfurt, including means 
for most easily removing sludge, its partial drying by centrifugali- 
zation, and its ultimate disposai by incinération after mixing with 
the dty refuse. About $60,000 has been spent at Frankfurt on 
thèse and other sewage tests, including filtration, within the past 
dozen years or more. 

Professor Dunbar 's activities in the field of sewage purification 
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have by no means been confined to Hamburg. Hîs publications 
show that he bas advised the authorities at Muhlhausen, Stuttgart, 
Beuthen, Unna, Leipzig, and other places. In nearly eveiy instance 
he bas taken advantage of expérimental data to ascertain local 
conditions. Leipzig and Chemnitz in Saxony are now conducting 
sewage tests, the appropriations for which are about $17,000 in 
each case, with the engineering and analytical data secured- by men 
regularly employed by the city. 

This brief record of expérimental methods as applied to water 
and sewage purification can hardly be brought to a close without 
référence to trade wastes. This feature in aggravated cases com- 
plicates the design of sewage- works and adds materially to the costs 
of opération. Various industries require spécial considération, as 
shown by the efforts of the river boards to minimize the effect of 
trade wastes in the streams of Lancashire and Yorkshire, England. 
The removal of fats has perhaps received the most attention along 
this Une — espedally in Berlin, Cassel, and Chemnitz in Germany, 
Verviers in Belgium, Roubaix and Grimonpont in France, and 
Bradford, Manchester, and Oldham in England. Numerous mill- 
owners also recover grease from their waste water. The extent 
of some of thèse investigations is indicated by the f act that at Cassel 
a private company is said to have spent considerably more than 
$100,000 in unsuccessfully endeavoring to fulfil a contract for extract- 
ing fats from the dty sewage. The only large place where the 
entire city sewage is regularly treated for grease extraction is at 
Bradford, England. 



THE FUTILITY OF A SANITARY WATER ANALYSIS AS 

A TEST OF POTABILITY * 

Marshall O. Leighton. 

Whosoever expresses doubts conœming generally accepted 
ideas must be prepared to see his statements misinterpreted and 
their application carried far beyond the point at which they were 
aimedy even to the absurd and grotesque. He must not expect 
that his observations and déductions will be confined to the limits 
prescribed, even though he resorts to every safeguard that his mother- 
tongue affords. More attention is paid to the devions paths along 
which his statements may lead by implication than to the single 
trail that he has defined by précise guide-posts. Finally, such a 
person must sustain confrontation by that splendid, indispensable, 
and all-saving power known as conservatism. Therefore the author 
of this paper hoists a flag of truce while he makes his preliminary 
déclaration, in the hope that the highest possible proportion of those 
interested may not mistake his Une of march. 

1. AU contentions conceming the futility of sanitary analyses 
are applied siricUy to waters. Sewages, fresh and stale, and sewage 
effluents are expressly eliminated from considération, exœpt in certain 
cases where they will be taken to illustrate the fact that they may 
occasionally be accepted as unpolluted water, according to standard 
methods of interprétation. 

2. It is not contended that ail sanitary water analyses are futile 
irrespective of the conditions under which they are made and inter- 
preted. In consistent studies of nitrogen, as such, and the changes 
which take place in its form, such analyses are important. 

3. // is admitted that in certain limited areas of the United States 
sanitary water analyses afford information by which animal pollu- 
tion may occasionally be detected. 

4. The facts comprised in the foregoing admission hâve been a 
stumbling'block to chemists working with waters outside of those 
limited areas. 

* Recâyed for pnbHcution, MArch 30, xgoô. 
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$. It is cofUended ihat ihe sanitary analysis ojfers nothing by 
which one may positively disiinguish between a dangerous and a whole- 
some water. 

6. The composition ratios that many good men cherish may be 
applied indiscriminaiely to wholesome waters and dilute sewages. 

7. The cowventional meihod of seeMng for évidences of pollution 
by sanitary analyses, or of accepiing or rejecting a water upon such 
évidence, is in ils broad and essential features quite misleading, too 
frequenUy dishonest, and in some cases absurd. 

8. The dangerous pollution of surface waters can be discovered 
more readily, and at far less risk and expense, than by sanitary an- 
alysis. 

9. The tenn "sanitary analysis" as used in this discussion does 
not include tests for spécifie organisms. 

Standards of interprétation by which a water may be designated 
as "good" are faithfully met by many waters undeniably bad; con- 
versely the characteristics of a water interpreted as "bad" are pre- 
sented by many the wholesomeness of which cannot be questioned. 

There is in the presidential address of Professor Léonard P. 
Kinnicutt, delivered before Section C of the American Association 
for the Advancement of Science, at New Orléans, La., in December, 
1905, a concrète statement of intrepretation standards. This state- 
ment will be used as a basis for the comparisons which follow in this 
discussion. Such a sélection is made, decidedly not for the purpose 
of controverting the statements or discrediting the position of this 
distinguished authority, but rather because it is the most admirable 
résumé that has recently emanated from a highly respected and 
compétent source. The following statements are quoted: 

(A) In fresh sewage the amount of nitrogen as free ammonia is from three to four 
times that of the nitrogen in the albuminoid ammonia, and in sewage effluents from 
20 to 30 times, while in peaty water, or water containing an infusion of leaves» 
the nitrogen in the albuminoid ammonia is from 10 to ao times the nitrogen in 
free ammonia. Hence, when a surface water, not induding raîn or snow water, 
gives a greater amoimt of nitrogen as free ammonia than it does as albuminoid am- 
monia, the indications are that the water has certainly been poUuted by sewage, and 
that the source of the organic matter is of animal origin. With a large amount o^ 
nitrogen as albuminoid ammonia (over 0.35 milligram per liter) a ratio of nitrogen 
of the free ammonia to the nitrogen of the albuminoid ammonia of less than i to 5 
is suspidous. 
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(B) Consequently, while a low ratio as i to 5 between the nitrogen of the £ree 
ammonia and the nitrogen of the albuminoid ammonia indicates pollution, the reverse 
cannot be said to be a strong indication that the water is a normal water. 

(C) A colorless water containing that amount of nitrogenous matter represented 
by 0.35 milligram of nitrogen as albuminoid ammonia per liter is looked upon with 
suspicion. 

(D) Free ammonia always indicates organic matter in the piocess of décompo- 
sition. In unpolluted surface waters it is rarely high, being removed almost aS 
fast as formed by vegetable and animal oiganisms in the water, and an amount of 
nitrogen as free anmionia above 0.05 milligram per liter is unusual, and, if it does 
occur, the water cannot be considered as an unpolluted water unless that f act is deariy 
established by other data. 

Attention is then called to seasonal variations and the increase 
in free ammonia during the autumn in northem countries. 

(E) G>nœming nitrogen as nitrites: 

More than 0.002 milligram per liter is an unfavorable indication. 

(F) Conœming nitrogen as nitrates: 

It is never présent in any large amount, seldom ezceeding o. i milligram per liter. 
Higher amounts than this, being unusual, must be looked upon with suspicion. 

Professor Elinnicutt then explains that the above interprétations 
refer to réservoir, pond, and lake waters, but that in river waters 

high nitrogen as free anmionia, as albuminoid ammonia, and as nitrites charac- 
teristic of vecent pollution in ponds and réservoirs may be due to the décomposition of 
algs life, which was stimulated by the entrance of sewage in the upper stretches of 
the river. 

Accepting the above as an authoritative basis of interprétation 
— and it is the one which closely corresponds to that which the writer 
has found in very gênerai use — ^let us interpret a few analyses. Réf- 
érence will be made by letter to the foregoing quotations, so that 
the basis of each interprétation may be clearly defined. 

SERIES "A." 
Pasts pek Million. 





Date 


Tur- 
bidity 


Color 


Odnr 


NmOGKN AS — 


No. 


Albuminoid 
Ammonia 


Free 
Ammonia 


Nitrites 


Nitrates 


Chiorine 


X 

9 
3 


Tuly XX, XQoo 
July ao, X899 
Sept. X4« XQOO 




Coiu. 

SI. 




9.x 



xm 
xm 


0.036 

0.330 
0.X14 


0.098 
0.346 
0.164 













X.9 
Z.9 
Z.9 



There are presented in the above séries three analyses of pond 
waters. Ail are practically colorless, ai^d Nos. 2 and 3 hâve a 
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slightly moldy odor. (A) In Nos. i and 3 the nitrogen as free 
ammonia is greater than that as albuminoid ammonia. (D) Nos. 
2 and 3 contain very much greater amounts of free ammonia than 
0.05 part per million. (A, second part) No. 3 contains over 
0.25 part of albuminoid ammonia per million, and the free- 
albuminoid ratio is i to 1.3. No nitrites or nitrates appear in any 
of the samples. According to the above standards of interpréta- 
tion, ail three of thèse waters contain récent organic pollution of 
a very unstable nature or, in other words, sewage pollution; the 
nitrification is proceeding very rapidly, and the assimilation of nitrites 
and nitrates is accomplished as rapidly as they are formed, by an 
abundance of organisms. In point of fact, thèse are normal waters 
from two storage ponds in Pennsylvania, in the drainage areas of 
which there are no habitations. It would be difficult to specify con- 
ditions that would more dosely approach the idéal for upland con- 
served supply than existed at thèse two places at the time thèse sam- 
ples were taken. No. i is from Fine Run Réservoir, and Nos. 2 
and 3 from Mill Creek Réservoir, both in Luzerne Coimty, Penn- 
sylvania. 

SERIES "B/* 
Pakts PCX Million. 























^ 


No. 


Tut- 
Udity 


Color 


Odnr 


VmOOKMA»— 


Chiorine 


Total 
Rcsidue 


Lossoa 


Albuminoid 

AmmnmÎA 


Free 
Ammonia 


Nitrites 


Nitrates 


Ignitiûn 




Dist 

It 

14 

4< 
•• 


8 
13 


aa 
xa 

aa 
xa 
xa 


O.xao 
o.ao4 
0.X06 
o.X4a 
0.X30 


0.006 
0.0x6 
0.00a 
o.oa6 
o.oxa 


0.000 
0.000 
0.000 
0.000 
0.000 


0.X70 
o.xgo 
o.x6o 
o.x6o 
o.x6o 


9 9 9 9 9 


69.S 
7a. 

66.5 
66.5 
69.0 


ao.oo 
x6.oo 
13.50 
ao.oo 



Séries ''B" contains analyses of samples taken from a large lake 
in September, 1904. Each sample was distinctly turbid, of low color, 
and revealed an aromatic odor. (C) The nitrogen as albuminoid 
ammonia is in every case less than 0.25 milligram per liter. (D) 
The nitrogen as free ammonia is in ail cases far less than 0.05 milli- 
gram per liter. (A) The free-albuminoid ratio varies from 1-5.3 
up to 1-5.5. (E) There are no nitrites. (F) The nitrates run 
somewhat higher than the standard set. 

Several of the above samples hâve ail the characteristics of an 



40 



Marshall O. Leighton 



infusion of leaves (A) except color. There is nothing in the analyses 
presented, except the unimportant excess of nitrates, that does 
not surpass on the acceptable side the strictest of the interprétation 
standards above quoted. The samples were coUected almost simul- 
taneously on September 22, 1904, from Lake Champlain, within 
the inclosed area lying between the docks at Burlington, Vt., and 
the harbor breakwater. Sample No. 2 was taken about 1,000 feet 
away from the outlet of the main trunk sewer of the city. The remain- 
der were taken at points less than 500 feet away fom said outlet, 
No. 5 being collected about 20 feet from the sewer's mouth. 
Ten years previous to the collection of thèse samples the city of 
Burlington was obliged to abandon a water intake situated at a much 
more favorable point than those at which any of the above samples 
were taken. The reason for the change was the high rate of intes- 
tinal disease morbidity in the city, which was markedly decreased 
afterward. What, then, shall we say of sanitary analysis as an 
index of pollution at Burlington ? Bacteriological examination reveal- 
ed the abundant présence of B. coli in ail the samples reported in 
Séries '' B, " and the discharge of sewage into the lake was a matter 
of casual observation. Therefore no one was deceived by the nitro- 
gen déterminations. One may very properly question whether 
sanitary analyses may not be, under less fortunate circumstances, 
an actual danger to public health. 
Let us now examine séries "C." 

SERIES "C." 
Pasts pbs Million. 



No. 


NmOGKM AS — 


Chkvine 


Total 
Residue 


LoMoa 

Tgnirinm 


Albnininoîd 


Free 
AmmoDia 


Nitritrs 


Nitrates 




0.17 

O.IO 

0.07 
0.18 
0,06 


o.ox 
o.ox 
o.xa 
0.09 
tr. 










I.OO 

x.oo 
X as 

2.%S 

3.00 


a-S 
S-o 
4.0 
5.0 
5.0 


ax9 
73 
3» 


as 

37 
4a 
a4 
XS 



Records of color and odor are unfortunately absent, but from 
independent sources cornes the assurance that none of the samples 
were highly colored, and the predominating odor is faintly earthy. 
According to the standards of interprétation. Nos. i and 2 were in good 
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œndition at the time of analysis (C and D). The ammonias are 
low, and (A) the free-albumînoid ratio is excellent. (F) It would 
appear from the large amount of nitrates and the high chlorine 
that the water has at some time been polluted, but has become 
well purified. Nos. 3 and 4 are waters that hâve been in bad 
"œmpany" (F), and the free-albuminoid ratios, especially that of 
No. 3, show récent pollution (A). No. 5 (see high nitrates and chlo- 
rine) appears to be an excellent example of a water purified by run- 
ning in a stream-bed through a long stretch of unoccupied coimtry 
below some initial seat of infection. Note the high nitrates. The truth 
is that ail thèse waters were taken from unpolluted streams in the 
mountain districts of the Potomac drainage area in Virginia and 
West Virginia. 

SERIES "D." 
Parts PER Miluon. 



Date 



Auf. aa. X903. 
Sepl.aS, X903. 
Oct. a4f 1903- 
No?. X 7*1903. 
Dec. 8, 1903. 



I 



X 

40 

5 

60 

X 



4 

13 
a6 

SX 

9 



■8 



o 

o 

o 

M 

o 



NinooxN 



0.056 

0.34X 
0.X40 
o.aaô 
0.054 



.« 



0.050 

0,05s 

0.04 

0.084 

0.034 



8 

I 



o. 

o. 

o. 

o.oox 

o. 



I 



o.oas 
o.xas 
o.xas 

O.X44 
o.oas 




I 



68 
xax 
130 

X44 
77 



Hasdnbss 



46 

3a 
a8 

a9 



il 



8.3 
a3.o 
33 o 
33.0 
3S-0 



11 



X 

7 

3S 
3 
IS 



I 



X 

a 
3 
4 
S 



Analysis No. i, in Séries "D," indicates a practically colorless 
and odorless water, with nitrogen in ail four forms low in amount. 
The chlorine, too, is low and practically, the only suspicions feature 
about the statement is the free-albuminoid ratio (A). 

No. 2 is a turbid water of moderate color. The amoimt of nitro- 
gen as albuminoid ammonia is high, but the free-albuminoid ratio 
("A," last part) is 1:7. (F) Nitrogen as nitrates is high. It is not 
a very bad water according to the interprétation, yet there are évi- 
dences that some swamps are tributary to the point at which it was 
taken. 

No. 3 looks suspicions because of the free-albuminoid ratio (A), 
the moderately high free ammonia (D) and nitrates (F), and the 
high chlorine. 
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No. 4 is a turbid, highly colored water, with a moldy odor, a bad 
free-albmninoid ratio (A), an appearance of nitrites, and high nitrates 
(F) and chlorine. It is a thorougbiy "suspicious"-looking water. 

No. 5 bas practically the same characteristics as No. i. 

The object of introdudng thèse tables is not so much to show 
the misleading character of the data as to call attention to their 
variations. Hère are &ve analyses of a normal water, taken at the 
same point from a small stream draining an uninhabîted wildemess. 
Yet only two of them possess a resemblance of uniformity, and the 
free-albuminoid ratios vaiy from those of a dilute sewage to those 
of a potable water. The variations in chlorine, toc, are interesting, 
and tbey lead one to speculate upon the actual nonnal chlorine 
value for this région. The samples were taken from the head waters 
of Green River in Casey County, Kentucky. 



SERIES " E." 





I 


i 


1 


NmooutAB- 


j 


1 


HAUlinn 


1 




Due 


11 


F 


1 


1 


? 


li 


1 


S,Et^.Pj3 


S 


r, 




IS 


0.130 
0.130 


rs 


l'.'âl 


J.6 


:s 


g 


;; 


;;:., 


: 



Séries "E" présents several points of interest. Both waters 
are of moderate color and turbidity, and hâve no odor. According 
to the standards of interprétation, No. i is a recently polluted water. 
It contains a large amount of nitrogen as albuminoid ammonia, 
(A) and the free albuminoid ratio is i to 3. Free ammonîa is very 
high (D). Nitrites and nitrates (E and F) are both high. On the 
whole, the water may be saîd to be both recently and remotely pol- 
luted. No. 2, although somewhat similar, is superior in some respects. 
The free-albuminoid ratio is i to 2.3. Free ammonia is the same, 
while nitrites, nitrates, and chlorine are lower, though the last is 
not significantly différent. The fact that in No. 2 the albuminoid 
ammonia is hi^er than No. i is responsible for the better ratio 
in the former. 

One might readily infer that both samples were taken from the 
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same stream at the same place. "Bad" water No. i was taken 
f rom Kentucky River above the dty of Frankfort at the water-works 
intake. "Bad" water No. 2 is from Kentucky River behw the 
Frankfort sewers. Note that the dates of sampling are the same. 
The important feature of Séries "E" is that hère is a water, or a 
dilute sewage, taken below the sewers of a dty of 20,000 inhabitants 
showing practically the same, if not a better condition, according 
to the interprétation standards, than another sample taken from 
the stream above the sewers. 

Cases similar to the above are very common. Two good examples 
are presented in Séries "F." 

SERIES"?" 
Pamb tïïr Million. 



Date 



I 



NmoGXM 



I- 



s 



1 



1 



Haidhiss 



î 
I 

I 



Mississippi Rivks at Biadhid, Mnm. 



Not. 



Feb. aS, 1005 

u tt fc " 



u 


II* 


aT 


0.38a 


o.oaa 





0.03 


I.O 


ISO 


100 


4 


1:17 


«s 


lia 


av 


0.38a 


0.040 





0.03 


I.O 


4* 


100 


4 


1:9s 


10 


40 


IT 


o.asô 


0.051 


0.00a 


0.04 


X.4 


'M 


161 


• • 


1:5 


10 


40 


IT+lM 


0.300 


0.040 


tr. 


0.04 


1.8 


i6a 


• • 


1:7.5 



Above iDWii 
Bdovr ** 
Above 
Béaw 



u 











Sr. Louo Rivn at Cloqukt, Binm. 










Oct 31. 1904 


17 


a^a 


aT 


o.soa 


0.036 





0.04 


1.6 


lai 


34 


I 


1:14 


Above towB 


M U tt 


19 


lia 


av 


0.30a 


0.03a 


tr. 


0.08 


1.8 


156 


98 


• • 


1:9.4 


Bdotr * 


Feb. a5, 1005 


-7 


lia 


av 


o.3aa 


0.15a 


tr. 


0.08 


i.a 


151 


104 


4 


i:a 


Above * 


(1 Ci «4 


-7 


lia 


av 


0.30a 


0.03a 


tr. 


0.08 


1.8 


Î56 


98 


7 


1:10 


B9loir 



SERIES "G." 
Faits pu Million. 



1 

X... 

a.. . 
3... 
4... 

o. . • 
7.. 



9. 

a. 

SI. 
SI. 

a 
a 



o 
o 
o 

O.I 

o 

O.I 

o.a 



NmooBN 



0.480 

0.37s 
0.656 

0.39s 
0.535 
i.aoo 
0.511 






0.080 
0.013 

0.104 
0.036 

o.oa6 
0.033 
0.085 



o 
o 
o 
o 
o 
o 
o 



0.461 

0.375 
0.307 

0.14a 
0.47a 
0.349 



70 

76 

59 

74 
67 
57 
68 



I 



634 

61 a 
818 
790 
566 
850 
604 



1:6 

i:a9 

1:6 

1:15 

i:ai 

1:36 

1:5 



Dtte 



Mar. 

u 

Apr. 
Mar. 



u 



Apr. 



5. 1898 
II. 1898 

9* 1898 
II, 1896 
18,1896 
a5. 1898 

If 1898 
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The waters represented in Séries "G" are typical of the western 
prairie states. In such waters large amounts of organic matter are 
always présent even in the absolutely uninhabited régions. The sam- 
ples above reported are taken from a stream that drains a large area 
underlaid with saline deposits, which account for the high chlorine 
content. Such waters absolutely controvert paragraph (C) of the 
foregoing interprétations. It will be noted that the free-albuminoid 
ratio specified in "A'' (last part) is satisfied by ail of the analyses. 
There are no nitrites, and only in Nos. i, 3, and 7 does the amount 
of nitrogen as free ammonia exceed the standard set in '' D." Nitro- 
gen as albuminoid ammonia and nitrates are not high for prairie 
waters. Although some of the analyses look ^^good," the samples 
were ail grossly polluted. The first three samples were taken from 
Kaw River 1.5 miles above Lawrence, Kans.» and contain the 
residue of pollution from the sewers of Topeka. The last four 
samples ware taken from the same stream, but the point was 300 
feet below the outlet sewer of Lawrence. It will be seen that the 
samples from below town présent a better analytical appearance 
than those from above. 

We will now consider ground waters. In the address above 
quoted there are the foUowng statements: 

(A) . . . . It may be said that the best ground waters should certainly con- 
tain not over o . 01 milligram of nitrogen as free ammonia, or (B) over o . 02 milligram of 
nitrogen as albuminoid ammonia, (C) no nitrogen as nitrites, (D) not over o . 01 milligram 
of nitrogen as nitrates in a liter of water, and (F) chlorine not above the normal of 
the «egion. When a water contains (F) more than 0.05 milligram of nitrogen as 
free ammonia, and (G) 0.08 milligram of nitrogen as albuminoid anmionia, or o. la 
milligram of nitrogen as albuminoid ammonia, even if the free ammonia occurs in 
very small amounts, it is a sign of imperfect filtration or of subséquent pollution, and 
consequently such water should not be used for household purposes. 

It is more difficult to détermine the présence of pollution in a 
ground water by inspection than in a surface water, and in dis- 
cussing ground- water analyses. one is sometimes unable to make 
a definite statement conceming direct pollution. We can, for exam- 
ple, in the case of a surface water state that if the water is from 
an uninhabited région it must be unpolluted with animal waste. 
On the other hand, there is but one certain method of determining 
the healthfulness of a ground water. This method has been accepted 
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by chemists and sanitarians the world over as being the best test 
of the wholesomeness of ail waters, whether from the surface or 
from the ground — ^namely, the incidence of typhoid fever and other 
water-bome diseases among the habituai users of such water as a 
beverage. Although there are on record many hundred analyses of 
ground waters, which would, by the interprétation standards above set 
forth, be classified as polluted, but which, judging from the location 
and ail the surroundings, might be regarded as wholesome, never- 
theless the basis of the statements made in the following paragraphs 
will rest solely upon the t}rphoid rate prevailing among the users of 
the varions waters. The first séries of ground- water analyses to be 
discussed are grouped in the following table: 

SERIES "H." 
Faits fbk Miluon. 





NnmooxMA»— 


Chlorine 


Total 
Rcddtie 


Date 


Albuminoid 
Ammoni'a 


Fxee 
Ammonia 


Nhrites 


Nitrates 


Aug. 30, X905 

Oct. zo, X900 

May x8, 1905 

" 18 ' . . . . 

May XX,* 1898 

Dec. 8, X904 


0.044 
0.08a 
0.048 
0.3x6 
0.058 
0.X93 


0.X36 

0.054 
0.033 

0.009 
0.033 


0.008 
0.006 
0.009 
0.009 
0.007 



O.X58 

9.394 
9.000 
4.aoo 
0.600 
0.080 


1.80 
6.40 

X3.0O 

63 .35 

10.00 
7.50 


341.3 

3*4.8 

437.3 

1043.4 

43a. 8 

353.0 



It will be seen from the above that ail the waters analyzed con- 
tained more nitrogen in ail the specified forms than would be allow- 
able under the standards of interprétation above quoted. The 
analyses presented represent either the city supply of Rockford, 
111., or that from private wells which are largely used in that place. 
They are in ail cases ground waters, and are similar in character 
to waters from varions wells in that région. The writer has before 
him 135 analyses of well waters from Rockford, by far the majority 
of which présent characteristics similar to those presented in Séries 
"H." Rockford has the lowest t)rphoid fever death-rate of any 
city in the United States having a population of 30,000 or over. 
It will be noted in the varions published tabular statements, such 
as that presented by Mr. George C. Whipple in the report of the 
Conmiission on Additional Water Supply for the City of New York 
that Rockford almost invariably stands at the foot of the list, with 
a death-rate of about 6 per 100,000. 
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Let us consider another case: 









pAin m UnuoH. 








SSÏÎS 


Nmuxmtu- 


Chkii» 


■sa 


.SE, 




Fitt 
Ammcob 


Nitrits 


NhrUa 




o.iBo 


0.I41 


•:S 


0.14 


■K 


g 


L"! 



The analyses in the above table represent tbe dty water of Des 
Moines, lowa. The first represents the water from the large well; 
the second, from the small well; while the third is an average of 
43 analyses of the supply, ail made in the year 1897. Hère again 
comment upon the divergence of thèse figures with those given in 
the standards of interprétation is unnecessaiy. Des Moines, Iowa> 
is one of the most fortunate cities in the country from the stand- 
point of typhoid rates. 

Séries " J " contains respectively the average of analyses made from 
the Oconee and the Shetucket wells of the Brooklyn water supply. 
Throughout the entire period between 1897 and 1902 it will be 
noted that in neither case does the average number of bacteria exceed 
50 per ce, and there were no positive tests for coli during the entire 
period of investigation. Nevertheless, the nitrogen déterminations, 
according to the above standards of interprétation, would condemn 
this water. 
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Another example is contained in Séries "J." The samples were 
taken from an îsokted well at St. Cloud, Minn., and it must be con- 
fessed that the analyses hâve an unfavorable appearance, especially 
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by reason of the amounts of nitrites. The water, however, is abso- 
lutely unpolluted. The first sample contained two bacteria, and the 
second, one bacterium per ce. Only one species was represented, 
which was not jB. coH. 
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For a final example the following analysis is submitted, the expres- 
sion of results being in terms of parts per million: 

Free ammonia 0.012 

Albuminoid ammonia o.oia 

Nitrites 0.00 

Nitrates "strong" 

The above water is from a well in Rochester, Minn. It will 
be seen that the ammonias are extremely low in amount, and the 
nitrites and nitrates practically absent. It is a water which con- 
f orms in ail respects to the standards above quoted, yet it contained 
1,570 bacteria per ce, and an abondance of jB. coli. 

There remain for considération the artesian or deep-seated rock 
waters. Examples might be cited in the support of the gênerai 
contention of this paper, but it will be distinctly préférable merely 
to refer to a paragraph in the address above quoted, as foUows: 

Unfortimately, howeveri in the study of artesian water perpleadng chemicai 
and bacteriological results are often obtained. In artesian waters so sîtuated that 
surface pollution seems impossible» amounts of nitrogen as free ammonia, as nitrites, 
and as nitrates hâve often been found which, if occurring in ground waters, would 
cause them to be considered as polluted. The nitrogen of the nitrates in thèse waters 
may be due to fossil remains, and the nitrogen as nitrites and as free ammonia to the 
réduction of the nitrates by chemical action, as contact with iron sulphide, and the 
occurrence of the nitrogen as free ammonia also sometimes to some sait of ammonia 
existing in the strata throu^ which the ground water passes. On this account the 
détermination of the nitrogen content does not give as satisfactory data from which 
to draw conclusions as those obtained from the analysis of ground water. 
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The contentions of Professer Klinnicutt, set forth in the above 
paragraph, are supported by abundant évidence, and it constitutes 
as strong a statement in support of the writer's position as he himself 
could ever hope to draw; therefore the paragraph is submitted ¥^thout 
discussion or amendment. 

The analyses quoted in the foUowing paragraphs are merely 
the chosen représentatives of a great number that give the same 
testimony. They ail show clearly the amount and condition of 
the nitrogenous matter, and can be used to difiFerentiate in some 
small degree between a comparatively stable and an unstable form 
of organic matter in water. But they show further that ail those 
finely drawn distinctions by which we are supposed to détermine 
whether or not such organic matter is of benign or dangerous origin 
are too precarious to be seriously considered. In every case it is 
easy to find a host of discrediting exceptions; and when we go beyond 
the confines of New England and the country immediately there- 
about, and especially when we sélect our samples from the South 
or the Middle West or Far West, those exceptions become the rule. 

That real man, the lamented friend of the most of those con- 
tributing to this voliune, Dr. Thomas M. Drown, found not a few 
places in or near New England where his standards of interpréta- 
tion were useless. For example, many of us remember hearing 
him say that the poUuted water of the Hudson above Poughkeepsie, 
N. Y., does not show upon sanitary analysis any traces of sewage 
matter. Yet neither he nor, it is believed, the most enthusiastic sup- 
porter of nitrogen déterminations would accept that raw water as a 
beverage. In later years, not many months before Dr. Drown's 
death, the writer discussed ¥^th him the advisability of making an 
extended séries of sanitary analyses upon the waters of the Lehigh 
River basin. Dr. Drown approved of a sanitary survey, but failed to 
see any promise in the analytical work. He ended his discussion of 
the matter by saying: "My long expérience in this Une of work has 
impressed me with many doubts conceming its value." 

The practice of making sanitary analyses and of judging the 
potability of a water from them has cost many lives. The cases are 
numerous and too well known to require discussion. In really 
compétent hands such analyses do not usually produce serious 
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results, because they are rekgated into their proper place; but the 
supposedly compétent hands are frequently brought to book. Let 
us revîew an instance. 

In the mémorable case of the State of Missouri vs. the State 
of Illinois and the Sanitary District of Chicago there was introduced 
into évidence the testimony of a professor of chemistry who qualified 
as an expert by relating ail sorts of educational expérience, both 
foreign and domestic. Cross-examination developed the foUowing: 

Q.: Taken in the abstract, without référence to anything elae than the éléments 
of pollution stated by you, to wit, free ammonia, 0.063, nitrites 0.003, albuminoid 
ammonia 0.552, nitrates 0.39, are those figures sufficient to warrant you in a con- 
clusion as to the potability of the water ? 

A.: I think so. 

Q.: What is your conclusion? 

A.: It is a potable water 

Q.: Do you consider a water having the following constituents potable, namely, 
free ammonia 0.317, nitrites 0.013, albuminoid ammonia 0.676, nitrates 0.6? 

A.: No, sir. 

Q. : On what accqunt ? 

A.: Because the free ammonia bas gone beyond o.a, and the nitrites are up in 
the second place, whereas potable water should'not hâve free ammonia very much above 
o. i; and, in fact, if the nitrites are measurable at ail, we usually condemn the water; 



Hère is a man who gave two positive opinions conceming pota- 
bility of two waters, from the bare statement of the four nitrogen 
déterminations. He did not think it necessary to take into account 
the other conventional statements. There are two lamentable features 
of this: first, he is teaching sanitary chemistry to students in a high- 
grade university; second, he is only one of a large number of persons 
similarly situated who are addicted to precisely the same absurdities. 

It is anticipated that one of the principal objections made to the 
foregoing discussion will be that the examples given are exceptional 
cases, and that a far greater number of examples can be adduced 
which will support the standards of interprétation ; that a f ew excep- 
tions do not, in science, destroy a theory, and that a great mass of 
data collected during past years should be accepted as the deter- 
minative basis. The cases presented for illustration are not excep- 
tional ones, nor, indeed, are they the best that might hâve been selec- 
ted for the purposes of this paper. If, however, we admit, for the 
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puiposes of argument, that they may be exceptional, the contentions 
of the writer are not damaged thereby. It should be remembered 
that in making sanitary analyses we are not developing a scientific 
theory that must stand or f ail according to the weight of cumulative 
évidence for or against, but we are trying to détermine whether 
or not the use of that water will cause sickness and death. This is 
a positive purpose; and if it is admitted that there can be exceptions, 
even though they be few, the whole scheme of analytical procédure 
fails of that purpose. Exceptions are not predestined, and in this 
case cannot be guided or defined. The chemist who caUs a water 
'^ good " upon the évidence presented by his nitrogen déterminations 
has no means of knowing whether or not this water may be one of 
the exceptions. Supposing it be polluted like the Lake Champlain 
samples in Séries "B," and a family or a community accepts the 
favorable opinion of the chemist and is stricken with typhoid fever 
— ^think you that that chemist will be justified by appearing before 
those bereaved relatives and reciting the fact that the great mass 
of évidence sustains certain bases of interprétation, and the scat- 
tering exceptions do not, from a scientific standpoint, destroy the 
integrity of the theory? The most befitting remark at this junc- 
ture seems to be the old proverb: ^'A chain is no st ronger than its 
weakest link." 

After ail, perhaps the strongest indictment of the sanitary analy- 
sis is that it is imnecessary for the purposes for which it is generally 
used. No one will question its value in sewage cxperiments, but 
when the purpose is to détermine whether or not a water be potable, 
there are more satisfactory ways of solving the problem than by 
making the conventional grind of nitrogen déterminations, even 
though it be admitted for the moment that those déterminations 
fulfil ail the great purposes daimed for them. 

It may be accepted as axiomatic that no river, upon the drainage 
area of which there is any population, will f umish a water fit for dômes- 
tic consimiption in its raw state. That this shall hold truc it is not 
necessary that the population shall be gathered into cities and be 
provided with sewerage Systems. Rural population, even though 
widely scattcred, is dangerous. Wherever people live along the banks 
of a stream there will always be dangerous pollution. Indeed, the 
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natural drainage fiom occupied land is not always innocuous; but 
when this is combined with those direct and generally surreptitious 
pollutions, the effect is sometimes more acute than that produced by 
the everyday discharges from a city sewer. It will be necessary meiely 
to recall the history of some of our classic typhoid épidémies to dem- 
onstrate this. The Plymouth, Pa., épidémie was caused by a single 
focus of infection upon a sparsely settled drainage area. The New 
Haven épidémie arose from a similar cause, and upon a drainage 
area not only sparsely settled, but supposedly well protected. It 
is especially significant, too, that the Lowell and Lawrence épidémies 
did not hâve as their immédiate cause the inf ected sewage from cities 
above on the Merrimack, but, as shown by Professor Sedgwick, 
from one or two incidental pollutions of Stony Brook. The same 
principles apply forcibly to the more récent épidémies at Butler, 
Pa., and Ithaca, N. Y. Thèse remarkable instances illustrate the 
dangers of surf ace- water drainage from sparsely settled countries; 
it is obviously imnecessary to discuss similar dangers from water 
into which city sewage is poured. The question whether a river 
water will purify itself from such discharges in a given distance 
below a sewer outlet does not enter even remotely into this considéra- 
tion, for, assuming that the sewage discharges would be purified, 
the incidental pollutions above a water intake would still constitute 
a grave danger. In the case of the Lowell and Lawrence épidémies, 
for example, perfect sewage purification at Manchester, Concord, 
and other cities on the Merrimack above the Lowell intake would 
not hâve prevented the scourge of typhoid. Theref ore it is contended 
that, if we accept the principle that no surface-water draining from 
an inhabited area is safe in its raw state for domestic consumption, 
we shall err, if we err at ail, upon the safe side, and there is no 
question that we shall save lives. What, then, is the necessity for 
analyzing river water for pollution, if we are ail agreed that it must 
inevitably be polluted ? 

Upland conserved supplies présent a différent phase of the ques- 
tion. If a drainage area contributing to a réservoir is in primeval 
condition with respect to population, it is generally admitted that the 
water must be wholesome. Why, then, make sanitary analyses 
to détermine the présence of sewage ? If it be contended that this 
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area may be subject to occasional malicious pollutions by visitors, 
etc., then the sanitary analysis does not offer any helpful solution. 
A single infectious intestinal discharge deposited directly in a réser- 
voir might readily cause a typhoid épidémie, but the organic matter 
would not, except under very fortunate circiunstances, be detected 
by the nitrogen déterminations; and it is well to reflect that, under 
the usual conditions, by the time the disease had made itself manifest 
and attention directed to that réservoir, the infection would hâve passed 
out of the réservoir. 

If the drainage area above described does contain population, 
then the danger is always impending, and we may rest upon assiunp- 
tions, nearly, if not quite, as positive as those quoted above for river 
waters. It is quite significant in this connection to note that the 
Commission on Additional Water Supply of the City of New York 
made provision for filtration, although the upland areas proposed 
as new sources are sparsely settled. More recently we hâve read 
the opinions of our foremost authorities that the présent Croton 
supply should be filtered. It is doubtful if any of those authorities 
would contend that the sole object of such filtration is to remove 
turbidity, color, and odor. It is therefore held that the sanitaiy 
analysis of upland conserved supplies is needless, because we can 
détermine the danger by inspection far more readily and surely. 

With référence to ground waters: We hâve interesting accounts 
of cases in which it is asserted that the condition of pollution was 
not detected by biological examination, but was revealed by sanitary 
analysis. If close considération be given to the descriptions of 
premises that appear in thèse accounts, it will be seen that in every 
case (so far as the writer is informed) a careful man would hâve 
been justified in condemning those waters upon superficiel examina- 
tion, and without regard to analysis. Take for illustration the case 
cited by Professor William P. Mason in a paper entitled, " Interpré- 
tation of a Water Examination," which appeared in Science^ Vol. 21, 
No. 539, pp. 648-53. It appears from this that there was a certain 
farmhouse in England, the résidents of which had suffered severely 
from diphtheria and typhoid fever. Examination showed that the 
sewage discharged from the house entered into a dry-steyned cess- 
pool, without overflow, about four yards from the well, both sunk 
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in gravel. In this case the chemical examination revealed the prés- 
ence of an excess of chlorides and nitrates while bacteriological 
investigation showed nothing which would cause suspicion. This 
instance is cited by Professor Masôn as one in which 'Hhe danger 
signal was hcld out by the chemical side of the investigation alone." 
The writer is of the opinion that the "danger signal" was not the 
findings of the analysis, but the occurrence of disease in that résidence. 
It should hâve caused an immédiate examination of the premises, 
and such examination would hâve revealed the fact that the sewage 
was discharged into a dry-steyned cesspool^ that the well was ofUy 
four yards away and that both were sunk in gravel. In the face of ail 
our knowledge of the transmission of water-bome diseases, and in 
view of our décades of expérience with infected wells, from historié 
Broad Street down to the présent, why should any compétent obser- 
ver, with the above related facts before him, find it necessary to 
fuss with an àmmonia stiÛ or, for that matter, with a Pétri dish? 
Taking a broad view of the subject of well supplies, we may safely 
exdude ail wells in questionable places; and the careful observer 
can usually define such places. 

Ail of the above discussion with référence to the necdlessness 
of sanitary analyses, when other and more expéditions methods 
can be used, is based upon the temporary admission that such anal- 
yses afford data whereby dangerous animal pollution can be dis- 
tinguished from harmless vegetable matter. If we retum now to 
the original contention that standards of purity, bases of interpréta- 
tion, composition ratios, or by whatever name they may be called, 
are met with equal faith by the normal water and by the dilute sewage, 
and sum up the two Unes of évidence, we hâve what the writer feels 
justified in regarding as an established case against the sanitary 
analysis as an index of dangerous water pollution. 



THE VALUE OF PURE WATER* 

George C. Whipple. 

PREFACE. 

In order to estimate the relative value of waters whîch differ 
materially in quality, it is necessary to hâve some common denomi- 
nator. Nothing better for this purpose bas been suggçsted than 
the dollar, which in this paper is made the basis of computation. By 
ascertaining what différent characteristics of water cost the œn- 
siimers, and by finding out how much consumers are willing to 
pay to avoid using waters which possess certain characteristics, an 
attempt has been made to secure a reasonable basis of comparison. 
The results of this initial study are hère presented. They must 
not be taken too seriously at présent, as some of the involved as- 
simiptions hâve not been established beyond doubt; and with the 
accimiulation of certain data, necessary but not as yet obtainable, 
the results must be somewhat modified. Yet the gênerai conclu- 
sions ought not to be far astray, and, from a study of the best data 
available, the writer believes that they err on the side of conserva- 
tism rather than on the opposite side. The suggested method of 
calculating the value of pure water seems to be one capable of being 
refined to a degree where its results will be of great practical value. 
The Unes along which the accumulation of data is necessary in order 
to render the method reliable will be évident from a perusal of the 
text. 

PURE AND WHOLESOME WATER. 

To define the meaning of the expression "pure and wholesome 
water," which is so often found in water-supply contracts, would 
seem to be an easy matter, after ail the study that has been given 
to the subject in récent years; but, although everyone knows in a 
gênerai way what is implied by this expresssion, yet when it comes 
to framing a définition in positive scîentific terms, the problem is not 
as easy as it seems. This is not because the chemist and the biolo- 
gist do not know what pure water is, but because water has so many 

^ReoeiTed for publicatioii Fd>niary 17, 1906. 

54 



The Value of Pure Water 55 

attributes which hâve to be taken into considération, and because 
thèse attributes vary in importance in every instance. "Pure and 
wholesome water" is not a substance of absolute quality. Strictly 
speaking, pure water does not exist in nature; ail natural waters 
contain substances either in solution or suspension ; and in propor- 
tion as thèse substances are présent, and in proportion as they are 
objectionable in character, the water is impure. Définitions of pure 
and wholesome water, therefore, generally state what foreign sub- 
stances shall not be présent, or in what amounts they are permis- 
sible, instead of defining the positive qualities which the water shall 
possess. 

Unquestionably the term "pure and wholesome water," as ordi- 
narily used, relates to water intended to be used for drinking. Such 
a water must be free from ail poisonous substances, as the salts of 
lead; it must be free from bacteria or other organisms liable to cause 
disease, such as the bacilli of typhoid fever or dysentery; it must 
also be free from bacteria of fecal origin, such at jB. cdi. In other 
words, the water must be freè from poisonous substances, from 
infection, and even from contamination.'*' Besides this, it must be 
practically clear, coloriess, odorless and reasonably free from objection- 
able chemical salts in solution and from microscopic organisms in 
suspension. Moreover, it must be well aërated. Color, turbidity, 
odor, dissolved salts, etc., may be permissible to a small degree with- 
out throwing the water outside of the définition of pure and whole- 
some waters. In thèse minor matters local standards govem up to 
a certain point, and it is in regard to them that différences in the 
judgment and expérience of analysts lead to différent classifications. 

When it comes to using water for other purposes than for drinking, 
other attributes hâve to be considered. Hardness makes a water 
troublesome to wash with and to use in boilers ; iron makes trouble in 
the laundry ; chlorine corrodes pipes and makes work for the pliunb- 
ers; the présence of the carbonates and sulphates of lime and mag- 
nesîa affects the paper-maker, the brewer, the tanner, the dyer, the 
bleacher; soda causes a locomotive boiler to foam, and affects the use 
of the water for irrigation. AU of thèse constituents, and others which 

*By this term is meant poUutioa with fecal matter. Contamination must be considered as potential 
infectioa. 
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are not named, hâve to be taken into considération in connection with 
a public water supply, which may be put to any of thèse uses. 

If it is a difficult matter to define a pure and wholesome water in 
strict scîentific terms, it îs still more diflScult to compare waters which 
differ in purity on any reasonable basis; and yet this often has to be 
done. Given two water sources equally available to a city for pur- 
poses of supply, both safe to drink, but one high-colored and soft, the 
other colorless and hard — which is the better sélection ? A water- 
works plant is to be appraised: structurally the System is a good one 
but the quality of the water is unsatisfactory because of its excessive 
color or turbidity — ^how much should be deducted from the value of 
the Works because of the bad quality of the water ? The water- works 
owned by a private company are to be purchased by the city; the city 
has a high t)rphoid fever death-rate due imquestionably to the water 
supply — how much less should the city pay because of that fact ? A 
city in the West is using turbid river water — how much can it afiFord 
to pay to filter it? A city in New England is using a water so 
heavily laden with Anabaena that it is nauseous to drink — ^how much 
can the city afford to pay to procure a new supply ? Thèse are ail 
practical, everyday questions which deserve answers based on scien* 
tific data. 

In valuation cases, where the quality of the water supply has been 
unsatisfactory, the cost of filtration, or other appropriatc method of 
purification, has been sometimes taken as a measure of the inferior 
quality of the water, and this amount deducted from the value of the 
Works. In case filtration was impractical, or more expensive than 
securing a supply from a new source, the additional cost of such new 
supply has been sometimes taken as a measure of the inferior quality 
of the Works and the amount deducted from the value of the works. 
Both of thèse methods are similar in that they contemplate the sub- 
stitution of a satisfactory water for one not satisfactory. 

Another method of measuring the dépréciation applicable to a 
water-works plant because of an inferior quality of the supply 
would be to ascertain what the use of the impure water has cost the 
consumers, compared with what a pure and satisfactory water would 
hâve cost them. This method has not been used in practice, but it 
seems to be a reasonable one, ând one which would be of more gênerai 
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application than the preceding, if the data upon which it is based 
could be accurately determined. Unfortunately, this is not the case 
in many instances, but by the use of certain generalized data and 
assumptions, results may be secured which are of considérable use in 
comparing the value of waters différent in quality. 

The qualities of a public water supply which most affect the ordi- 
nary consiuner are: 

1. Its sanitary quality; that is, its liability of infection with disease 
germs or substances deleterious to health. 

2. Its gênerai attractiveness, or lack of attractiveness, as a drinking- 
water. 

3. Its hardness, so far as this relates to the use of soap in the 
household. 

4. Its température, so far as this relates to drinking. 
Characteristics which affect industrial uses are too much a matter 

of local concem to be taken into account in a gênerai discussion, 
although they are by no means of small account, and in some corn- 
munities their importance might control. The qualities selected are 
to be considered as illustrative of the method rather than as a com- 
plète exposition of it. 

The problem is to express thèse four characteristics in terms of 
dollars and cents to the consumer. The financial standard is cer- 
tainly not the highest one for judging the quality of a water supply 
when the public health is concemed ; human lif e cannot be estimated 
in gold dollars, and the smell of unsavory water to a thirsty man cannot 
be reckoned in dimes; nevertheless, the financial basis is a convenient 
one, and one necessarily involved in ail questions which relate to public 
utilities. 

SANITARY qualities. 

If the water under considération has been used for a considérable 
time, the typhoid fever death-rate of the community wiU fairly well 
represent the sanitary quality of the water supply. It will not tell 
the whole story, but in most cases it will not lead far astray. In order 
to reduce this to a financial basis, it is necessary to make several 
assumptions. 

The financial value of a human life is generally taken as $5,000, 
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but according to Leighton' it varies at différent âges from $i,ooo to 
$7,000, as shown by Table i. It so happens that persons are most 
susœptible to typhoid fever near the âge when their life-value is 
considered greatest. By combining the life-value at différent âges 
with the âge distribution of persons dying of typhoid fever, the 
resulting average value of persons dying from typhoid fever is found 
to be $4,634, which is very close to the figure ordinarily used. 

The perœntage mortality of typhoid fever patients is sometimes 
stated as 10 per cent ; that is, ten cases for every death, . Figures of 
this character are most often based on hospital records, and mild cases 
do not generally reach the hospitab. Studies of récent typhoid épi- 
démies indicate that 15 to 18 cases for each death would be nearer the 
truth. The expense of médical treatment, nursing, and medicine, the 
loss of wages for a month or more, together with other attending 
expenses and inconveniences, would doubtless aggregate at least $100 
per case, or $1,000 for the 10 cases corresponding to one death. If 
the estimate of $100 is considered too large, it may be answered that 
the excess is more than offset by the f act that there are more often from 
15 to 18 cases for each death than there are lo. .It may be fairly 
assumed, therefore, that $6,000 is a very moderate estimate of the 
financial loss to the community from t)rJ)hoid fever for each death 
from that disease. 



TABLE z. 



Age 


Esdmated Value of 
Human Life 


Pte Centof DeatliB 
from Typhoid Fever 


Prodttct of Colunms 
a aiui3 


0- S ytên 


IxtSoo 
a,30O 
a.soo 
3tOOO 
SiOoo 
7.S00 
7.000 
6,000 
S.Soo 
S»ooo 
4iS0O 
4.S00 
a.000 
x,ooo 
z,ooo 


so 

50 

7. a 

13. 1 

x6.7 

23. a 

90 

8.0 

5.6 

40 

li 

a.x 

«S 

1-0 


• 7.510 
X3.570 

Xo,000 


** •' * .» 

c-io 


ib-15 " 


xr-ao " 


39.300 
83.SOO 

OOiZOO 


ao-as " ..'. 


ac-30 •• ....; .'..! 


^5 '» .. 

tO-35 


69.300 

48IOOO 


Jr' ^^ .. 

sr-40 


•> J ^^ .. 

40-45 * 


30,000 


^e-co ** 


aOvOoo 


^ss " .... 


KlOOO 


i?6l " . 


ZZt900 


ISTs " ::::::::.::::::::::: 


4.aoo 


6<-7o •* 


X<50O 


^^ " . .... 


XiOOO 


f ** .......•••.»«........ 




Total 




100.00 


$463.480 





ATerage value of life of persons dying from typhoid fever, $4,634. 
■M. O. LdORTON, Popvlar Scimce MonMy, January, zooa. 
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TARLE a. 

Emcr OF Filikation on Deatb-Rates at Albany. N. Y., and a CoicPAKiaoN wrb Tioy. N. Y., 

Wbxxx thx Watek Was Not Filtisko. 



DkATH-RaTXS ver XOOtOOO 



X894--08, bcfore 
Filtratioa 
at Albany 



X9oo-xgo4 

after FOtration 

at Albaay 



Differenoe 



Per Cent Ré- 
duction of 
Death Rates 
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T^phoid fevtr 


«M 
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a6 
53 


78 

72 


75 


Dtairheal diieanes 


57 


Children under 5 years 


40 


Tfrtaldratmi 


X7 






T«OY 


Typhoid tcytr 


57 
1x6 

53» 
a.x57 


57 
xoa 

a,oa8 




Z4 

96 

xa9 





DiaiT^fal diffaset 


xa 




x8 


Total dratK».' 


6 







Remark: Fflteied water was intioduced into Albany in 1899. The water supply 
of Troy has lemained practically unchanged. 

Typhoid fever îs by no means the only disease transmîtted by 
contaminated water. Dysentery and varions other diarrheal diseases 
précède it or follow in its train, and in most instances thèse are prob- 
ably due to the same gênerai sources of contamination as those which 
caused the typhoid fever, although, of course, to différent spécifie 
infections. The réduction of the typhoid fever death-rate following 
the substitution of a pure water for a contaminated water is often 
accompanied by a drop in the death-rate from other diseases. Thus, 
if the five years before and after filtered water was introduced into 
Albany, N. Y., are compared, it will be seen that the réductions in 
deaths from gênerai diarrheal diseases and the deaths of children 
under five years of âge were much greater than in the case of typhoid 
fever. There was also a réduction in malaria, but this probably 
represents faulty diagnosis of typhoid fever cases before the introduc- 
tion of the filters, rather than a real réduction of malaria. That the 
réduction of infant mortality and deaths from diarrheal diseases was 
not due to other conditions seems probable from the fact that in the 
neighboring city of Troy, where the water supply was not changed, 
there was no such diminution during the same period. (See Table 2.) 

Hazen, in his paper on " Purification of Water in America," read 
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at the International Engineering Congress at St. Louis, called atten- 
tion to this same fact, that after the change from an impure to a pure 
supply of water the gênerai death-rate of certain communities investi- 
gated fell by an amount considerably greater than that resulting from 
typhoid fever alone — indicating either that certain other infectious 
diseases were reduced more than t)rphoid fever, or that the gênerai 
health tone of the community had been improved. Thus, for five 
cities where the water supply had been radically improved he found: 

Fer xoOfOOO 
Réduction in total death-rate in five dties with the introduction of a pure water 

supply 440 

Normal réduction due to gênerai improved sanitary conditions, computed from 

average of cities similarly situated, but with no radical change in water supply 137 

Différence, being decrease in death-rate attributable to change in water supply • 303 
Of this, the réduction in deaths from typhoid fever was 71 

Leaving deaths from other causes attributable to change in water supply . . . 23a 

From thèse facts it is évident that to place the financial loss to a 
community as $6,000 for each death from typhoid fever due to the 
public water supply is to use too low a figure. It probably ought to be 
several times as high; but recognizing the lower financial value placed 
on the lives of infants, and the less serious character of the other dis- 
eases, and wishing to be as conservative as possible, for the reason 
that typhoid fever is not entirely a water-borne disease, $10,000 per 
typhoid death has been used in the calculation which follows. 

Since typhoid fever is a disease which may be transmitted in other 
ways than by the water (as, for instance, by milk, shell-fish, or Aies), it 
is necessary to allow a certain death-rate for thèse other causes, for 
even in a city where the water supply is perfect there may stîU be some 
typhoid fever. To establish this "normal"* is a difl&cult matter, but 
for purposes of calculation we may assume it to be detennined and 
represent it by the letter N. 

K we assume that ail typhoid fever in excess of N is due to the 
water supply, and if we assume that the daily consumption of water is 
100 gallons per capita, then letting T equal the typhoid fever death- 
rate per 100,000 — 

(T—N) 10,000= loss to the community in dollars for 365 X 100 X 

11 <> T^ (r— iV)i,ooo ,_ ^^. 

100,000 gallons of water, or £>= r =2.75(1 —iv), 

*This tenn "normal" must not be aasumed to mean tucessary typhoid. 
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where D stands for the loss in dollars per million gallons of water 
used. 

Suppose the average typhoid fever death-rate for a community 
which has a somewhat poUuted water supply has averaged 43 per 
100,000 for a period of five years, and suppose that for this place the 
value of N is estimated as 15, then — 

-^^ = 2.75 (43—15) = $76.72 if the per capita consumption is 100 
gallons. If the consumption per capita is 115 gallons, D would be 
\W of $76.72, or $66.71; if it were 63 gallons per capita, then D 
would equal VV of $76. 72, or $121 . 77. 

The value of N must be naturally subject to local variation, and in 
order to obtain an idea as to its probable value, a compilation of 
typhoid fever death-rates has been made for cities and towns in différ- 
ent parts of the country which use groimd waters or filtered waters — 
that is, waters which may be considered as free from contamination. 

The following is a generalized summary of them: 

TABLE 3. 
Typhoid Fivks Death-Rates nr Cities amd Towmb Wbich Hâve Gbound-Wateb Supflibs. 



State 

Maine 

Mamarhuactti 

Conoecticat 

New York 

New Jersey 

Pennsylvania 

Ohio 



Numbcr of Cities 

and Towns 

Ayeraged 



a 
33 

4 
'3 
10 

5 

32 



Numbcr of Yeazs 
ATerafed 



Averafle Typhoid 

FeverBeath-Rate 

per 100.000 



15. 8 

95 
«4.7 

90.« 
3X.8 

33-4 



There is reason to believe that the higher rates given above do 
not correctly represent the situation, because in some instances the 
ground water was supplemented by the occasional use of water which 
may hâve been polluted. Proximity to a large city where the water 
supply is contaminated was also responsible for some of the high 
figures; so also was the absence of sewerage Systems* Nevertheless, 
there seems to be a slight tendency for the typhoid fever rates to 
increase in the United States from north toward the south in those 
places where the water supply is reasonably safe. There are some 
exceptions to the increase southward, however. Thus, in Camden, 
N. J., which is supplied with a pure ground water, the typhoid rate 
in 1901 was only 12, and 20 in 1902. 
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In Fuertes' book on Water and ihe Public Health a diagram îs 
gîven showing that the typhoid fever death-rates in cîties supplîed 
with ground water vary from 5 to 32 per 100,000 in America, and from 
6 to 33 per 100,000 in Europe, the average being about 18 in America 
and 19 in Europe. It is shown also that the death-rates from cities 
supplied with filtered water vary from 4 to 20 in America, and from 
4 to 20 in Europe, the average being 12 in both cases. Récent Ameri- 
can data for cities supplied with filtered water show that the rates are 
somewhat higher than thèse, the average being somewhat less than 20. 

Taking into considération the best available data, it seems reason- 
able to place the gênerai value of N somewhere between 10 and 25 
per 100,000, with the most probable average value as 20, which figure 
may be used in the équation where local sanîtary conditions are 
unknown. The value of iV, however, should be varied where there îs 
reason for doing so. Where the sanitary conditions are good 15 may 
be taken as a fair value. In New England it might be placed lower 
than in régions south of the glacial drift; in cities near the seaboard, 
where there is a large consumption of oysters consumed fresh from 
the layings, the value of N might be higher than in inland cities, 
where the oyster consumption is small and where fattened oysters are 
not used as freely; in cities where there are cess-pools, but no sewers, 
the value of N would naturally be higher than in cities well provided 
with sewers. 

It may be reasonably expected that, as time goes on, the value of 
N will gradually fall, because of a gênerai decrease of typhoid fever in 
the coimtry at large, and a conséquent diminution of the number of 
foci of infection. Statistics for twelve states, including ail the New 
England states, New York, New Jersey, Maryland, Califomia, Min- 
nesota, and Michigan, show that during the last quarter of a century 
the gênerai typhoid fever death-rate has fallen as follows: 

TABLE 4 

Avera|[e Typhmd 
Fever Dêûh- 
Rate per 
Year xoo,ooo 

1880 55 

1885 46 

1890 36 

1895 28 

1900 23 

1905 21 
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ATTRACTIVENESS. 

The analytîcal déterminations whîch relate to the gênerai attrac- 
tiveness of a water are those of taste, odor, color, turbîdity, and sédi- 
ment. As thèse quantities increase in amount, the water becomes 
less attractive for drinking purposes, until finally a point is reached 
where people refuse to drink it. In order to use thèse results in a 
practical way, it is necessary to combine them so as to obtain a single 
value for the physical characteristics or, as they say abroad, for the 
" organoleptic " quality of the water. An attempt has been made by 
the author to obtain what may be termed an esthetic rating of the 
water, and the resuit is shown in the accompanying diagram. 




This diagram, it should be said, is based almost entirely upon esti- 
mâtes and very little upon statistical data. It rests upon the assump- 
tion that people differ in their sensibilities, or their esthetic feelings as 
to the use of water. Some persons are much more fastidious than 
others in regard to what they drink. A water which would be shunned 
by one person, even though he were thirsty, might be taken by another 
with apparent relish. As a rule, people are more fastidious about the 
odor of water and the amount of coarse sédiment which it contains 
than they are about its color and turbidity. This is perhaps natural, 
as a bad odor suggests decay, and decay is instinctively répugnant. 



64 George C. Whipple 

Often, however, people do not discriminate between odors which are 
due to décomposition and those which are not. Habit and associa- 
tion hâve much to do with a person's views as to the attractiveness of 
water. In New England, where the clear trout brooks run with what 
Thoreau called "meadow tea," few people object to a moderate 
amoiint of color, while they do object to a water which is very turbid. 
In the Middle West, where ail the streams are muddy, it is the iin- 
known colored waters which are disliked. People who are accus- 
tomed to well water object to both color and turbidity. With most 
people a fine turbidity, such as is produced by minute clay particles, 
is less a subject of complaint than an equal turbidity produced by 
comparatively coarse sédiment. In the diagram an attempt has been 
made to reconcile thèse différent points of view so as to put them, as 
well as may be, on the same footing. In this connection several séries 
of comparisons were made.* Turbid waters were viewed through 
the eyes of a group of western people, who made some comparisons 
with color and turbid waters, while colored waters were viewed through 
the eyes of a group of students in New York, and Tnce versa. 

The abscissœ of the diagram represent turbidity, color, and odor, 
as gîven in the ordinary water analysis.t The ordinates represent the 
"per cent of objecting consumers." By this is meant the proportion 
of the water-takers who would ordinarily choose not to drink the water 
because of the quality indicated by the curve, or who would buy spring 
water, or bottled water, rather than use the public supply, if they 
could afford to do so. This number would increase, of course, as the 
gênerai attractiveness of the water decreased. From the curves one 
may calculate what may be called the esthetic deficiency of the water 
by adding together the per cents of objecting consumers for color, 
turbidity, and odor. If the esthetic deficiency equals loo, it indicates 
that the water is of such a character that everyone would object to it, 
and figures in excess of loo only emphasize its objectionable character. 

It will be seen from the diagram that when the color of water is 
less than 20, or the turbidity less than 5, only one person in ten would 
object to it, but when the turbidity or color is 100, one-half of the 

^Acknovrledcments are due to Mr. J. W. EUms, of Cindiiiuiti, Ohio, aad Mr. Andrew Mayer, Jr., 
of Brooklyn, N. Y. 

tSee " Report of Committee on Standard Methods of Water Analyaia, American Public Health Asso- 
ciation," Supplément No. x, JounuU of In/ecHotu Disêoses, Bday, 1905. 
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people would object to ît. It may be thought that this proportion is 
too low, but it must be remembered that colored waters are invariably 
accompanied by a vegetable odor and often by a slight turbidity, and 
that it is the sum of the several quantities which détermines the esthe- 
tic rating. 

Expérience has shown that objection to color varies directly with 
its amount; consequently this curve has been plotted from the équa- 
tion, #c="- , i. e., a straight line, where pc stands for the per cent of 

objecting consumers, and c for the color. 

In the case of turbidity, however, small amounts coimt for more, 
relatively, than larger amounts. The équation for the turbidity curve 
has been taken, therefore, as ^^=51^/, where t stands for the turbidity. 

With odor, however, the opposite condition prevails; faint odors 
count for little, but distinct and decided odors cause much more com- 
plaint. Consequently, the per cent of objecting consumers has been 
made to vary as the square of the intensity of the odor expressed 
according to the standard numerical scale. The quality of the odor 
makes quite as much différence as its intensity, and for that reason 
three curves hâve been plotted, one representing vegetable or pondy 
odors (Ov), one representing odors due to décomposition (O^), and 
one representing the aromatic grassy and fishy odors due to micro- 
scopic organisms (O,). Thèse curves are plotted from the following 
équations: 

P.^20:, 

in which O^ O^f and O^ stand for the intensity of the three groups of 
odors mentioned. 

Thèse curves represent somewhat imperfectly our présent ideas as 
to the relative eflFects of color, turbidity, and odor; and on further 
study they are likely to be considerably modified. 

It is a well-known fact that in cities which are supplied with water 
which is not attractive for drinking purposes, large quantities of 
spring water and distilled water are sold, and that consumers go to 
much expense in the purchase of house filters in order to improve the 
quality of the water fumished by the city mains. It is fair to assume 
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that in any community the amount of money expended for bottled 
water and house filters will vary in a gênerai way according to the 
attractiveness of the water, although there is no doubt that the présence 
of typhoid fever in the community, or the fear that the water is con- 
taminated, will greatly increase the use of auxiliary supplies for drink- 
ing. For purposes of calculation it may be assiuned that the diagram 
just described represents this tendency to use vended waters, and that 
each "objecting consumer" would go to the expense of buying spring 
water or putting in a house filter, îf he could aflFord it. It may be 
argued, also, that the poor consumer who may be unable to do this 
is as much entitled to satisfactory water as is the well-to-do consumer. 

From a study of pricé-lists of spring waters sold in New York and 
other cities it has been found that the ordinary wholesale price of 
spring water is seldom more than lo cents a gallon. In some places it 
is as low as i cent. The average is about s cents. To filter water 
through house filters costs less, but generally it is less satisfactory. 

As a convenient figure for calculation, and as a most conservative 
one for gênerai use, a cost of i cent per gallon to the ordinary con- 
siuner for an auxiliary supply of drinking- water (either spring water 
or well-filtered water) has been taken. In cities where the cost of 
procuring and distributing bottled water exceeds i cent per gallon, 
as it does in such a city as New York for example, this should be taken 
into account in making local use of the data. For the illustrative pur- 
poses of the présent paper, and for gênerai comparisons, the figure 
mentioned will serve as a satisfactory basis. The average person 
drinks about i . 5 quarts of water per day, and therefore one-fifth cent 
per capita daily may be taken as a reasonable figure for the cost of an 
auxiliary supply. If the entire population used such a supply, and if 
the daily consumption of the public water supply were 100 gallons per 
capita, then one-fifth cent per hundred gallons, or $20 per million 
gallons, would represent the loss to the consumers due to an imperf ect 
water supply which had an esthetic deficiency of 100. If the esthetic 
deficiency were less than 100, say 37, then the loss to the consumer 
would be T^ of $20, or $7 . 40 per million gallons. In other words, 
the figure for the esthetic deficiency divided by 5 gives the financial 
dépréciation value of the water supply in dollars per million gallons, 

or 1/ = 20 . 

100 
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Example: Suppose the turbîdity of a water is 3, îts color 65, and 
its odor 2f (that is, faintly fishy), because of the présence of micro- 

scopîc organisais; then Z) = 2o ^ =$12 .80; that is, the dépré- 
ciation value of the water, because of its unsatisfactory physical 
qualities, amounts to $1 2 . 80 per million gallons. 

HARDNESS. 

The point at which a water becomes objectionably hard has never 
been exactly defined. Standards of hardness vary in différent parts 
of the country, The ordinary person washing his hands considers 
the water soft if the soap will quickly produce a suds without 
curdling. A hardness of 10 parts per million is practically unnotice- 
able, and it requires a hardness of 20 or 30 parts per million to produce 
'* curdling." Waters which hâve a hardness below 25 parts per million 
seldom cause much complaint, but when the hardness rises above 50 
the water is well entitled to the appellation "hard," and above 100 it 
may be called very hard. In some parts of the coimtry hardnesses of 
200 or 300 are observed; thèse may be termed "excessive." 

In 1903 a number of experiments were made by the writer to déter- 
mine the effect of various degrees of hardness on the amount of soap 
used in washing the hands, in bathing, and in gênerai household uses. 
As a resuit of thèse experiments it was found that one pound of the 
average soap as used in the household would soften 167 gallons of 
water which had a hardness of 20 parts per million. This was équiva- 
lent to about three tons of soap per million gallons, which at a cost of 
5 cents per pound, would amount to $300 per million gallons. It was 
found also that for every increase of i part per million of hardness the 
cost of soap increased about $10 per million gallons of water softened. 

AU of the water used by a community is not completely softened. 
The number of gallons per capita per day completely softened has 
been estimated by différent authorities ail the way from i to 10. It will 
certainly be a conservative estimate to assume that one gallon per 
capita is thus softened. On this basis the dépréciation value of 

water, on account of its hardness, is Z)=* — , in which H equals 

the hardness of the water in parts per million, and D the depreciative 
value in dollars per million gallons. 
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Example: Assume the total hardness of a water to be 79 parts per 

79 
million ; then 2? = ^ = $7 . 90 per million gallons. 

This takes into account only the cost of soap used for domestic 
purposes, and does not indude the incidental losses and inconveniences 
attendant upon the use of hard water in the household. Thèse, if 
they could be expressed in terms of dollars and cents, would probably 
more than equal the cost of soap; therefore the above figures err on 
the side of conservatism. 

TEMPERATURE. 

Everyone knows that warm water is unpalatable. When the tem- 
pérature rises above 60® F., people do not like to drink it without 
cooling. The relation between the température of the water and the 
per cent of objecting consumers may be represented by a curve based 

on the équation p^- ^, in which p equals the per cent of 

objecting consumers, and d equals the température of the water in 
Fahrenheit degrees. According to this curve, no one would object 
to drink a water which had a température of 45®, half the people 
would object at 66®, and ail would object at 75®. If it is assumed 
that it takes one-half pound of ice per capita daily to cool the 
water used for drinking during four months in the year, and that 
ice costs 30 cents per 100 pounds, then the dépréciation value due 
to température would be équivalent to $5 per million gallons of 
public supply for 100 per cent of objecting consimiers, assimiing the 

P {<^— 4S)" 

per capita consumption to be loogallons daily, or 2? = -^ x $5 — o 

in dollars per million gallons, in which d « the average température 
during the four warmest months of the year. This may be considered 
as the dépréciation value due to température. The température of 
ground waters seldom rises above 60° in the house taps even in 
simimer, and in cities supplied with ground water a large propor- 
tion of the consumers do not use ice. Surface waters, on the other 
hand, in the latitude of New York, generally maîntain a température 
of 60® or more at the house taps for at least four months of the 
year. The température factor is an important one in many cases. 
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but it need not be used except when comparing surface waters with 
ground waters. 

In a similar way it might be possible to calculate the reduced value 
of a water due to other objectionable characteristics, such as the 
présence of large amounts of iron or chlorine. Except in spécial cases, 
thèse would not be as important as the more obvious qualities above 
described, and they need not be considered in this discussion* 

SUMMARY OF PRINCIPAL FORMULiE. 

Dépréciation due to sanitary quality — 

I. I>=2.7S C^-N)' 
Dépréciation due to physical characteristics — 

2. i/««20 

ICO 

pi^sVt 

Dépréciation due to hardness — 

%. £> — — . 

^ 10 



Dépréciation due to température 
4- ^=^-^7^» inwhich- 

D = the dépréciation value in dollars per million gallons ; 

r=typhoid fever death-rate per 100,000; 

JV=typhoid fever death-rate assumed to be due to causes 

other than water, and which may be ordinarily taken as 

20 per 100,000; 
^c=per cent of consimiers who object to the color of the 

water; 
Pt = per cent of consumers who object to the turbidity of the 
water; 

Po = per cent of consumers who object to the odor of the water ; 
c= color reading; 
/= turbidity reading; 
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Ov=odors due to vegetable matter, expressed according to 
standard numerical scale; 

Orf=odors due to décomposition, expressed according to 
standard numerical scale; 

0^=odors due to microscopic organisms, expressed accord- 
ing to standard numerical scale; 

fl'=hardness of water in parts per million; 

d = average température of water during four warmest months. 

APPLICATION OF THE FORMULiE. 

It now remains to apply the principles above set forth to actual 
cases and see to what conclusions they lead. 

EFFECT OF CONTAMINATION. 

The average death-rate from typhoid fever in American cities 
which hâve more than 30,000 inhabitants is about 35 per 100,000. 
Âpplying formula (i), and assuming a value of 20 for iV, then 

^='2.7S(35-2o)=^$4i.2S; 
that is, the average dépréciation value of the water supplies of our 
American cities, taken as a whole, is $41 . 25 per million gallons because 
of their unsanitary quality, or about $15,000 per annimi for each mil- 
lion gallons a day of supply. 

The above figure takes into account both good and bad supplies. 
The average typhoid fever death-rate in those cities which hâve rea- 
sonably good water supplies may be taken in round numbers as about 
20, while in those cities which hâve supplies more or less contaminated 
it varies from this up to 40 or 60. In some of the worst cases it is 
more than 100 per 100,000. In Pittsburg, for example, the typhoid 
death-rate for several years has averaged 120. Hère, according to 
formula (i), 2? = 2. 75 (120— 20) ==$275 per million gallons. This is 
figured, however, on a per capita water consumption of 100 gallons 
a day. The actual consumption is about 250 gallons per capita per 
day; hence D should be taken as ^^ of $275, or $110 per million 
gallons. Each million gallons of polluted AUegheny River water 
pumped to Pittsburg has therefore reduced the vital assets of the com- 
munity by $110. This, for a population of 350,000, amounts to 
$3>85o,ooo per year — a sum enormously greater than the cost of 
making the water pure. 
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Classifying water supplies accordîng to their source, the following 
will give a gênerai idea as to the dépréciation value of varions types of 
watei from the sanitary standpoint, based on gênerai averse typboid 
fever death-rates: 

OuiJtcna ût Wim Sditlt. 

Dcindatioa Value Ib 
DoUw* ax Umion 

I. Gnimd waters, except in eues where poUutioii is exceaûve, or 

where welIs are driven in rock or sbI aboundinK in Ëssures . lo.oo 

I. Filiered waltri (asaunùng modem metbods of construction 

and opération} to.oo 

3. Surface vtoteri — 

a) Ordinaiy upland «aten, «rith insignificant contamination . S 0.00 to S 15.00 

b) Slightly contaminated waten, with good stoiage in Iaket 

or large rescrvwrs 10.00 to 50.00 

<) River vateis, alightly contaminated, little or no storage . 35.00 to 100.00 
d) River waleis, much contaminated, little or no stonge . . 50.00 to 300.00 

EFFECI OF TUSBIDITY, COLOB, AND ODOR. 

It has been shown that the esthetic defidency of water dépends 
upon three variable characteristics, which may bave many différent 
corobinations ; coosequently, it is difficult to classify the water sup- 



TABLE s. 
ExAHTUs ot Watiu wiib Dimum Pbmu: 






OIT 


SouiaafSoi^r 


r^. 


Color 


Odoc 


PdCtnl 

1 


Demd- 
.tioBVil- 

>£lC 


OKOUKD »AIIU. 






l 


.0 


l 


: 
























irarAci «Anas. 





LmkrSebaïo . 
Siidbury and N 
LikeEric . . 



Bn»k]Tii.N.Y... 

To»T Gty, N, J. 

SfïinïScld,' Mi»! 

Bsnior, Me 

Filbbiirsh. Pi... 
Philidclphii. Pi. . 



Some of the above figures do oot represent présent conditions. For example, 
WatertowD, N. Y., now bas filtered water; St. Louis uses a cbemically treated 
water; etc. 
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plies of the country on this basis. For this reason the few typical 
examples given in Table 5 may be more instructive than any attempt 
at a gênerai classification. 

It will be seen from the above figures that, while the gênerai 
attractivcness of a water is of less importance than its sanitary quality, 
yet it is by no means insignificant. For instance, such a water as 
that now supplied to New York City from the Croton River has a 
dépréciation value of $11 per million gallons, or nearly a million and 
a half dollars a year for a daily supply of 350 million gallons. Ât 4 
per cent this represents the interest on about $35,000,000, a sum several 
times as large as the cost of filtration. An algae-laden water like that 
of Ludlow Réservoir at Springfield, Mass., has a dépréciation value 
of more than $20 per million gallons, because of its odor and turbidity. 
A colored water like that of the Black River at Watertown before 
filtration has a dépréciation value of $11, while a turbid water like 
that of the Mississippi River at St. Louis gives $25. 

In most surface waters the physical characteristics vary greatly at 
différent times of the year. During the spring and fall, for instance, 
the color and turbidities may be high on accoimt of rains, while during 
the summer the water may hâve bad odors due to microscopic organ- 
isms. The dépréciation value of a certain réservoir water, calculated 
as above described, serves well to show this seasonal variation, as 
illustrated by the following figures: 

TABLE 6." 

SkASONAL VaUATION in THE DSPIICIATION VaLUX OF A SUftfACK WaTKK Dul TO SXASONAL 

Changes in TniamiTY, Color, and Odor. 



Month 

January 

rebniary 

March 

Aprfl 

May 

June 
uly 

AuRnat 

September 

October 

Novembcr 

Dccçrnbcr 

Averafe 



Turbid- 
ity 


Color 


6 


2$ 


8 


a8 


7 


27 


5 


22 


8 


2S 


7 


30 


4 


22 


4 


2S 


3 


30 


4 


a8 


3 


26 


4 


25 


• • 


• a 



Odor 



3v 
3v 
3t; 
3»+ 

(jv 0.5 Org.o.imS 
(3V o.3m^ ) 

(3V 0.5 Off.o.s*») 
(3V a. Org.o.sm) 

\v 1. Org.o.sm) 
,31; 1. Org.o.sm\ 

(3W o.3«» 
(3f o.3«» 



I: 



Per Cent 
Objecting 
Conaumera 



44 
47 
45 
40 

49 
48 

43 
6a 

63 
49 
40 
4a 



DecredatioD of 

value per 
MmioQGala. 



$ 8.80 
9.40 
9.00 
8.00 

9.80 

9.60 

8.60 

xa.40 

la. 60 
9.80 
8.00 
8.40 

% 9-53 
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EFFECT OF HARDNESS. 

The waters of New England axe comparatîvely soft, although în 
some instanœs the ground waters are hard. In the Middle West, on 
the contrary, most of the surface waters are quite hard, and in some 
cases the hardness is excessive. The following figures serve to give 
an idea of the range in the dépréciation value of waters due to hard- 
ness. 

TABLE 7. 



State 


City or Town 


Soura of Supply 


Total 
Hardneat 
(Parts per 

MiU.V 


Deprecia- 
ticn Value 
per Million 
Gais. 


M»r«f 




Kennebec River 


90 

15 
la 

33 
50 

191 
179 
aoo 

ai5 
943 


$ a. 00 


M 


Waterville 


Mr«fMi]Ofifkfe Ri¥fT 


1.50 


MafMiachuflftts 


Bœton 


Storage Réservoir 


i.ao 


•1 


Cambridge 


3- 30 


<4 


Fittfffi^H 




5-00 


New York 


New York 


CrotoQ River 


4.00 


•( 


AltMUiy 


Hudaon River 


6.40 


«( 


Oswego 


Oswego River 


19. xo 


Pennsylvuiia 


Phâiidelphia 


Schuylkm River 


X7*90 


Ohio 


Toledo 


Maumee River 


ao.oo 


Il 


Cdumbus 


Sdoto River 


a.so 


»» 


Warren 


M*honif>g Rî«fr . 


^'X.SO 


Ffifflitnd . 


IxmdoD 


Cbelsea Company 


ai. 5a 


^« 


London 


East Londoo iTompany 


a4.3o 






\ 



EFFECT OF FILTRATION. 

Sanitary quality. — The following figures show to what extent the 
sanitary value of a polluted public water supply is increased by an 
efficient System of filtration: 

Lawrence, Mass. — 

V^ater supply, Merrimack River, filteied by a slow sand filter. 

Population 70,000. 

V^ater consumption, 40 gallons per capita daily. 

Before filtration the typhoid fever death-rate was lai per 100,000; since then 

it bas been 26. 
Before filtration Z?-2.75 (i2i-2o)X W-I693. 
After filtration Z?-2.75 (26-2o)X W-l4i- 
Increase in sanitary value "-$693— $41^-1652 per million gallons, or $665,000 

per ]rear, or I9.50 per year per capita. 
Albany, N, F.— 

Water supply, Hudson River, filtered by sand filter. 

Population, 95,000. 

V^ater consumption, 165 gallons per capita daily. 

Before filtration the typhoid fever death-rate was 104 per 100,000; since then 

it has been 26. 
Before filtration Z7"-2.75(i04— 2o)XHf ""^140* 
After filtration -D-2.75 (26-2o)XJtt-$io. 
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Increase in sanitary value i- $140— $io— $130 per million gallons, or $450,000 

per year, or $4-75 per capita per year. 
Binghamton, N. Y. — 

Water supply, Susquehanna River, filteied by a mechanical filter. 

Population, 4a,ooo (approximately). 

Water consumption, 160 gallons per capita daily. 

Typhoid fever death-rate before filtration, 49; after filtration, 11 per 100,000. 

Before filtration D-2.75 (49-")Xrtï*i65. 

After filtration D-2. 75(11-11) XHÎ-o. 

Increase in sanitary value— $65.00 per million gallons, or $160,000 per year, 

or $3.80 per capita per year. 
Watertaum, N, K.— 

Water supply, Black River filtered by mechanical filter. 

Population, 25,500 (approximately). 

Water consumption, 160 gallons per capita daily. 

Typhoid fever death-rate before filtration, 68 per 100,000; after filtration, 19.5. 

Before filtration D-2.75 (68-2o)Xi}("-SS3-50- 

After filtration D-2.75 (20-2o)xW-o- 

Increase in sanitary value— $82.50 per miUion gallons, or $120,000 per year, 

or $4.75 per capita per year. 

Illustrations like the above might be multiplied, but the four cases 
selected are sufficîent to illustrate the gênerai fact. It îs easîly seen 
f rom them that the filtration of a polluted public water supply increases 
to a very great extent the vital assets of a community, and the increase 
in most cases is many times greater than the cost of constructing and 
operating the works. Money paid to the doctor, the apothecary, and 
the undertaker is not, in one sensé, a loss to a community, as it is 
merely a transference of money from one man's pocket to another's, 
but in the broader sensé any loss of productive capacity or any 
unnecessary expenditure is a loss. Deaths from typhoid fever and 
from other diseases, however, represent a very material loss of the 
productive capacity of a conmiunity, and consequently a decrease in 
what may be termed the "vital assets." In the case of the city of 
Albany, for instance, the increased worth of the* water to the city, 
because of its efficient filtration, amounts to $475,000 per year, of 
which at least $350,000 may be considered as a real increase in 
the vital assets of the city. 

If in the formula Z)=$2.75 C^-^) we let r-iV = i, then Z) = 
$2.75; that is, a decrease in the typhoid fever death-rate of i per 
100,000 causes an increase in the vital assets of the city of $2 . 75 for 
each million gallons of the public water supply (assuming this to be 
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loo gallons per capita), or $o.io per capita per year for each unit 
réduction of the typhoid fever death-rate per 100,000. In other words 
the decrease in the typhoid death-rate per 100,000 divided by 10 gives 
the increased vital assets of the community in dollars per capita per 
year. Thus in the case of Albany, above given, the réduction in the 
typhoid fever death-rate was 78 per 100,000. On the basis of 10 cents 
per capita per unit decrease, this would amount to $0 . 10 X 78 X 95,000 
«$741,000 per year, assuming a per capita consumption of 100 galloas 
daily, or $450,000 for a per capita consumption of 165 gallons daily, 
which is the figure stated above. 

Looking at the matter in another way, it may be said that the puri- 
fication of a polluted water is a sort of life-insurance for the people, 
the value of which is equal to 10 cents per capita for each unit decrease 
in the typhoid fever death-rate per 100,000 which it brings about. 
Such a sum capitalized represents a large amount of money. In 
Albany, for example, where the typhoid fever death-rate has been 
reduced 78 per 100,000, the annual saving of life- value would be $7 . 80 
per capita. Capitalized on the basis of an annual life-instirance 
premium of $17 per thousand, this would reprcsent an insurance 
policy of about $460 per year for each inhabitant, or $2,300 for each 
head of a family. 

Physical quality. — ^The figures of Table 8 show the effect of fikra- 

TABLE 8. 

















1. 


1 A 


S 
















If 


Dépréciation 
VSue 


1S 


CUy 


Source of 
Supply 


^K' 


Sample 


10 


40 


Odor 


58 




• 


Per MU 


J.Gab. 


Lawrence, Ma». 


Merrimack 


Slow sand 


Raw 


3t im 


$11.60 






River 




tiheied 





40 


2V 


a8 


560 


$6.00 


Albany, N. Y. 


Hudaon River 


Slowsand 


Raw 


40 


3a 


3v xtn 


60 


13-80 










Filteied 


a 


»A 


2V 


2^ 


5.40 


8.40 


Yonken, N. Y. 


SawmillCxeek 


Sk>W8and 


Raw 


6 


30 


'V im 


49 


9.80 










Filteied 





3 


xv 


4 


0.80 


9.00 


Poughkeepaie, 


Hudaon River 


Slowsand 


Raw 


30 


55 


3VI1II 


78 


17.60 




N. Y. 






Filtered 





30 


i» 


17 


3-40 


14 «ao 


BinghamUm, 

N.Y. 


River 


Mechanical 
filter 


Raw 
FOtered 


30 




20 
S 


3v 

XV 


57 
s 


XX. 40 
x.oo 


10.40 


Watertoirn, N. Y. 


BUck River 


Merhuntcal 


Raw 


6 


70 


3v 


7a 


14.40 


^ * 






filter 


Filtered 





8 


IV 


10 


a. 00 


12. 40 


UttleFaI]8.N.Y. 


Paasaic River 


Mechanical 


Raw 


20 


35 


3v 


56 


II. ao 








filter 


Filtered 





8 


IV 


xo 


a. 00 


9-ao 


BrooUyn,N.Y. 


Baisley's Pond 


Mechanical 


Raw 


15 


31 


av 


5a 


10.40 








filter 


FUtered 


a 


3 





7 


1.40 


9-00 
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tion on the attractiveness of waters — ^that is, upon the aggregate effect 
of their physical characteristics : 

The above figures do not prétend adequately to represent the con- 
ditions in any of the cities included in the list, as the analysis in each 
case represents only one date. They are, however, typical of what 
the filters in the varions places are doing, and they indicate that the 
increased value of the water, because of its filtration, is as great as 
the cost of the works — in some cases it is even greater. Thus if the 
effect of filtration on the sanitary qualities of thèse waters is entirely 
ignored and only its effect on their physical qualities considered, the 
filtration of thèse supplies would still be a profitable undertaking from 
a financial standpoint. If the sanitary qualities were also considered, 
the advantages of filtration would be found to be many times greater. 
Thîs phase of the subject has not received the considération it 
deserves, and it is this topic which the writer desires especially to 
emphasize in the présent paper. 

Waier-soflening. — ^The following figures will illustrate the financial 
value of water-softening plants: 

Winnipegf Maniioba — 

Hardness of water before treatment 580 

Hardness of water after chemical treatment and filtration 193 

Réduction in hardness 387 

Increased value of water due to water-softening process, per million gallons $38.70 

Oberlin, Ohio — 

Hardness of raw water 170 

Hardness of raw water after chemical treatment and filtration 48 

Réduction in hardness 122 

Increased value of water due to water-softening per million gallons . . . $12.20 

Thèse figures refer only to water used for domestic purposes. If 
industrial uses also were considered the advantages of water softening 
would be still more évident. 

At the présent time there are not many water-softening plants in 
existence in connection with municipal supplies, but the advantages 
to be gained are very great, and are becoming appreciated by the 
managers of railroads and industrial establishments. With a better 
imderstanding of the practical benefits to be derived from the use of 
soft water, it may be confidently expected that during the next 10 
years the number of municipal water-softening plants will very greatly 
increase. 
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SUMMARY. 

In the foregoing paper attention bas been called to the following 
propositions: 

1. Pure water as compared with impure water bas a real financial 
value to a community. 

2. This value may be measured by determining wbat impure water 
costs tbe community. 

3. Tbere are tbree prindpal cbaracteristics whicb affect tbe value 
of water to tbe gênerai consiuner — ^îts sanitary quality, its gênerai 
attractiveness, and its bardness. 

4. A formula is suggested for Computing tbe effect of tbe sanitary 
quality of water on its financial value to a community. It is based on 
tbe typboid fever deatb-rate. 

5. A formula is suggested for Computing tbe effect of tbe gênerai 
attractiveness of water on its value to consumers. It is based on tbe 
pbysical cbaracteristics of turbidity, color, and odor. 

6. A formula is suggested for Computing tbe effect of tbe bardness 
of water on its value to tbe consumers. It is based on tbe use of soap 
in tbe bousebold. 

7. Considered from tbe financial aspect alone, and disregarding ail 
bumanitarian considérations, tbe filtration of a polluted water supply 
adds very greatly to tbe vital assets of a community; bence, as a mère 
business proposition, no city can afford to allow an impure water sup- 
ply to be publicly distributed. 

8. Tbe advantages to a community of baving a water supply, not 
only safe, but also attractive in appearance, taste, and odor, are 
material from a financial aspect. Tbe increased value of many waters 
because of tbe improvement in tbeir estbetic qualities alone justifies 
tbe cost of filtration. 

9. Water-softening at présent does not receive tbe attention it 
deserves at tbe bands of municipal autborities. Tbe économie advan- 
tages to be gained by removing tbe bardness of water are so great 
tbat, in many cases, tbe saving to tbe ordinary water-consiuners justi- 
fies tbe cost of sof tening water. 

10. Tbe formulas bcre suggested and tbe detailed results derived 
from tbeir use are not to be considered as of great accuracy, as tbe 
assumed data are not fully adéquate. Tbey are given merely to 
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show the possibility of Computing the value of pure water in terms of 
dollars and cents, and to illustrate the financial value of filtration and 
justify its cost. 

TABLE D 

Dkpbkcution Due to SANiiAmT Qualitt. 

Values oiDfat Différent Values of T-N in the formula D-2.75 iT-N), 
Values of D in DoDais Ux Wman Gallons. 



T-N 





X 


2 


3 


4 


5 


6 


7 


8 


9 


0. . 


0.00 


a. 75 


5.50 


8.25 


XX. 00 


13 75 


16.50 


19.25 


22.00 


«4. 75 


xo.. 


27.50 


30.25 


33.00 


35.75 


38.50 


41.25 


44.00 


46.75 


49.50 


52.25 


20. . 


5500 
82.50 


57.75 
85.25 


60.50 


63.25 


66.00 


68.75 


71.50 


74.25 


77.00 


79.75 


30.. 


88.00 


90.75 


93.50 


96.25 


9900 


101.75 


104.50 


107.25 


40.. 


XXO. 00 


1X2.75 


115 50 


XX8.25 


X2X.OO 


123.75 


X26.50 


129.25 


132.00 


134.75 


50.. 


Î37.50 


140.25 


143.00 


145.75 


148.50 


151.25 


X54.00 
x8x . 50 


156.75 
184.25 


159.50 
187.00 


X62.25 


60.. 


X65.00 


167.55 


170.50 


173.25 


176.00 


178.75 


189.75 


70.. 


X92.50 


195 «5 


198.00 


200.75 


203.50 


2x6.25 


209.00 


211.75 


214.50 


2x7.25 


80.. 


220.00 


222 . 75 


225 . 50 


228.25 


23X.OO 


233.75 


236.50 


239.25 


242.00 


«44. 75 


90.. 


247.50 


250.25 


253.00 


«55. 75 


258.50 


26X.25 


264.00 


266.75 


269.50 


272.25 


xoo.. 


275.00 


277.75 


280.50 


283.25 


286.00 


a88.75 


29X.50 


294.25 


297.00 


«99. 75 


xxo. . 


302.50 


305.25 


308.00 


310.75 


313.50 


316.25 


319.00 


3*1.75 


324.50 


327.25 


X20. . 


330.00 


332.75 


335.50 


338.25 


341.00 


343.75 


346.50 


349.25 


35a. 00 


354.75 
382.25 


X30.. 


357.50 
385.00 


360.25 


363.00 


365.75 


368.50 


371.25 


374.00 


376.75 


379.50 


X40.. 


387.75 


390.50 


393.35 


396.00 


398.75 


401.50 


404.25 


407.00 


409.75 


X50. . 


4x2.50 


415.25 


4x8.00 


4ao.75 


423.50 


426.25 


429.00 


431.75 


434.50 


437.25 



TABLE xo. 

ESTHKTIC DxnCXBNCY DuS TO TuiBIDITY. 

Vahics of P, for Différent Values of I in the Formula #/-5V^7. 
Per Cent of Obiecting Consumers. 



Tur- 
bidity 





X 


2 


3 


4 


5 


6 


7 


8 


9 





• ■ ■ • 


5.00 


7.05 


8.66 


xo.oo 


11.15 


12.20 


13-20 


X4.X0 


15.00 


xo — 


X5.80 


16.55 


17.30 


18.00 


X8.70 


19-35 


20.00 


20.60 


2X.ao 


21.75 


20 


22.35 


22. QX 


23.45 
28.25 


28.70 


24.45 


25.00 


25.45 


25-95 


26. J5 
30.80 


26.90 


30 ... . 


27.35 


27.80 


29.15 


29.55 


30.00 


30.40 


30.90 


40 .... 


3X.60 


32.00 


3a.4o 


3a. 75 


33- 15. 


33-50 


33-90 


34.25 


34.60 
38-05 


35.00 
38.40 


50 ... . 


35.35 
38.70 

41.83 


35.70 


36.05 


36.40 


36.70 


37.05 


37-40 


37.70 


60.... 


39 05 


39.35 


39 65 


40.00 


40.30 


40.60 


40.00 
43.87 


41-20 


41-50 


iK- 


42. X3 


42.42 


42.72 


43.00 


43 30 


4358 


^'l^ 


44-44 


44.72 


45.00 


45.27 


45-55 
48. 2X 


45.8a 
48.47 


46.09 


:s^ 


46.73 


46.80 


47-^6 


90 .... 


47.43 


47.69 


47.95 


48.73 


49.24 


49.49 


49.74 


xoo ... 


50.00 





















Tur- 
bidity 





xo 


ao 


30 


40 


50 


60 


70 


80 


90 


xoo ... 


50.00 


52.44 


54.77 


57.00 


59.16 


61.23 


63.24 


65.19 


67.08 


68.92 


aoo ... 


2®!* 


iSîX 


74-16 
89-44 


75.82 


77-45 


79.05 


80.6a 


8a. X5 


83.66 


8<.x6 
98.74 


300 . . . 


86.60 


90.8» 
X03.68 


^ lî 


93-54 


94.86 


96.17 


97.46 


400 ... 


xoo. 00 


XOX . 32 


X02.46 


X04.88 


X06.X6 


107.23 


108.39 


109-54 


xxo. 67 


500 ... 


XXX. 80 


XX2.91 


XX4.0X 


XX5.X0 


1x6. x8 


xx7.a6 


118.3a 


119-37 


X20.40 


121.44 


600... 


X22.47 


123.49 


124.49 


X25.49 


126.49 


127.47 


128.45 


xa9.42 


130.38 


131.33 


K::: 


X32.27 


133.22 


134.16 


135 09 


X36.0X 


136.93 


137.84 


138.74 


139.64 


140.53 


141.4a 


X42.2X 


143.17 


144-04 


144-91 


145.77 


X46.6a 


147-47 


X48.X2 


149.16 


900 ... 


150.00 


150.83 


151.65 


152-47 


153-49 


154.11 


154-91 


155.72 


156.52 


157.32 


XfOOO. . 


158.11 
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TABLE XX. 

ESTHKTIC DEnCIKMCY DUX TO CoXjOI. 

Values ciPgUx Différent Values of c in the Formula #, ~— 









Per Cent of Objecting Coosumers. 








Color 





X 


a 


3 


4 


5 


6 


7 


8 


9 


o .... 

xo . . . . 


.... 
5.0 


0.5 
5.5 


x.o 
6.0 


1.5 
6.5 


a.o 
7.0 


«5 

7.5 


II 


il 


4.0 
9.0 


4.5 
9.5 


ao .... 


xo.o 


10.5 


XX. 


XX. s 


xa.o 


xa.5 


XJ.O 

x8.o 


«35 


14.0 


14.5 


30 ... . 


X5.0 


15-5 


x6.o 


x6.s 


X7.0 


17.5 


X8.5 


X9.0 


X9.5 


40 .... 


90.0 


ao.s 


ax.o 


ax.s 


aa.o 


aa.5 


33.0 


33.5 


34.0 


«45 


50 .... 


as.o 


a5.5 


aô.o 


a6.5 


a7.o 


«75 


38.0 


38.5 


39.0 


«95 


60 .... 


30.0 


30. s 


3X.0 


31.5 


3a. 


3a. 5 


38.0 


33.5 


34.0 


34.5 


iC'"" 

00 .... 


35. 


35-5 


36.0 


36.5 


37.0 


37.5 


38.5 


39- 


39.5 


40.0 


40. S 


41.0 


41.5 


4a. 


43. 5 


48.0 


43.5 


440 


44.5 


90 .... 


45. 


45. S 


46.0 


46.5 


47.0 


47.5 


48.5 


49.0 


49.5 


xoo ... 


50.0 


50.5 


Sx.o 


5Ï.5 


5a. 


53.5 


53.0 
58.0 


53.5 


54.0 


54.5 


xxo . . . 


55. 


55.5 


56.0 


56.5 


57.0 


57.5 


58.5 


59. 


59.5 


xao . . . 


60.0 


60.5 


6x.o 


6X.S 


6a. 


6a. 5 


63.0 
68.0 


63.5 


64.0 


64.5 


X30 . . . 


65.0 


65.5 


66.0 


66.5 


67.0 


67.5 


68.5 


69.0 


69.? 


X40 . . . 


70.0 


70.5 


7X.O 


71.5 


7a. 


73.5 


73 


73 5 


74.0 


74.5 


xso . . . 
x6o ... 


80.0 


K? 


76.0 
8x.o 


2î:l 


8a. 


77.5 
83.5 


78.0 
83.0 
88.0 


78.5 


79.0 
84.0 


Si 


xw . . . 

X80 ... 
X90 . .. 


85.0 


85.5 


86.0 


86.5 


87.0 


87.5 


89.0 


3.1 


90.0 
950 


90.5 
95. S 


9X.0 
96.0 


96.5 


9a. 
97.0 


93.5 
97.5 


93.0 
98.0 


%:l 


94.0 
99.0 


94.5 
99.5 


aoo . .. 


xoo.o 





















TABLE xa. 
EeTBxnc Dmcmcy Dus 10 Qdoi. 
Values aip,kt Différait Values of O^ X>;^ and O; in the Formula P^'iOl+ysOi+s O;. 

Pcr Cent of Objecting Coosumers. 





Odor 


VegeUble Odor 
(O) 


position 


Odor due to 
Orcaniams 





None 

Veryfaint 

Paint 
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A CONTRIBUTION TO THE GENERAL PRINCIPLES OF 
THE PHARMACODYNAMICS OF SALTS AND DRUGS * 

A. P. Mathews. 

iFrom Ikê Laboratory of Pkytichgkta Chtmisiry of tke UmversUy of Chkago.) 

This paper is a continuation of those already published,' which 
hâve had for theîr object the investigation of the means by which salts 
and drugs influence the processes going on in living matter, and thus 
produce the phenomena of stimulation and dépression. 

PART I. PHARMACODYNAMIC ACTION DUE TO IONS. 

The cause of the pharmacological action of salts upon protoplasm 
has been the subject of numerous investigations, but until the develop- 
ment of the ionic theory thèse investigations had led to no further 
resuit than to show that in groups of similar metals the heavier were 
frequently the more poisonous. The application of the ionic theory 
first brought some order into this part of pharmacology. The work 
of the American investigators Kahlenberg and True' and Heald, con- 
firmed as it has been by Krônig and Paul, Hôber, True, and many 
othersy has shown in the clearest manner that there is a close parai- 
lelism between toxicity and the state of ionization of many of the 
metals, so that thèse authors conclude that the pharmacological action 
of any sait solution is a function, in large measure at least, of the ions 
into which the sait dissociâtes. 

This gênerai conclusion is, in my opinion, as firmly established as 
is the conclusion that the chemical reactions of such solutions are due 
to the ions they contain. Indeed, the conclusion is a necessary resuit 
of the ionic theory, since the chemical reactions in protoplasm do not 
differ in nature from those going on elsewhere; and if salts enter into 
other chemical reactions by their ions, they probably enter also in the 
same manner into the reactions of protoplasm. 

But while this gênerai theory is a great step forward, it stumbles 
against the objection that many compounds profoimdly affect proto- 

* ReœÎTed for publicatioo liardb 23, 1906. 

* Mathxws, Amtr. Jour. Phystd.t 1904, xo. p. 391; 1904, xi, p. 455; X905, 14, p. 204; X90S1 xa, 
p. 4ax; X904, XX, p. 338. 

■ Kablsmbuo AMD Tiux, Bciomkai G^Mttf, X896, as, p. 9X. 

81 



82 A. P. Mathews 

plasm, although they do not dissociate electrolyticaUy into ions in the 
ordinary sensé of the term. To explain the action of such compounds 
as ether and organic drugs, either one must f ail back upon the assump- 
tion of the action of undissodated molécules, or the idea of dissociation 
must be extended to cover dissociation which is not accompanied by 
electrical conductivity. Kahlenberg and True, and indeed nearly ail 
observers, hâve adopted the theory that some action must be ascribed 
to imdissodated molécules; but it appears to me, in view of the fact 
that such another kind of dissociation is well known to occur — as, for 
example, the dissociation of NH^OH into NH3 and H,0 — ^and also 
that this dissociation has been shown by Nef' to détermine the chemi- 
cal reactions of such compounds, that the alternative of the action of 
dissociated particles is the more probable. At any rate, it would be 
prématuré to ascribe pharmacological action to undissociated molé- 
cules until the possibilities that that action is due to the dissociated 
particles shall hâve been proved to be însufficient. In the présent 
paper I shall deal with pharmacological action due to particles dis- 
sociated as ions, and in a subséquent paper to action due to non-ionic 
dissociation. The gênerai principles which I hâve worked out apply 
primarily to ionic particles, but I think it altogether probable that 
they will be found to apply equally well to non-ionic dissociation, 
since there is in ail likelihood no essential différence in kind between 
such dissociation as that of NH^OH into NH3 and H^O and ionic 
dissociation. The two probably differ only in that in the one case 
the two electrical charges are on the same particle, whereas in ionic 
dissociation they are on separate atoms.' 

While, then, it cannot be denied that some action may be referable 
to undissociated molécules, the clear parallelism between dissociation 
and pharmacological action in the case of salts, and the equally clear 
parallelism between non-ionic dissociation and pharmacological action 
in organic compoimds, indicates to my mind that it is to thèse disso- 
ciated particles as the possible cause of pharmacodynamic action that 
attention should first be directed. 

Assimmg, therefore, that the action of salts is due in chief meas- 
ure to the ions of the solution, the first question to be answered is: 

' Nsr, lÀdfi^s AnmaUm, X904, 335, p. 199. 

■ Mathbws, Biehgkàl BnOdm, 1905, 8, p. 34a. See alao Numst, ThMnH$chê Ckemic, 4lh éd., 
X0O3« P- 378- 
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What enables any ion to act at ail? What makes a mercury ion, 
for example, so enormously more toxic than a calcium or magnésium 
ion ? The answer to this question, as I shall now proceed to show, 
is, that the mercury ion has an enormously greater ionic potential than 
the caldiun ion. 

IONIC POTENTIAL AND PHYSIOLOGICAL ACTION. 

In an earlier paper^ the term "ionic potential" was suggested to 
designate the tendency of any ion or atom to change its electrical state. 
Bodlânder has used the term "Haftintensitàt" to designate the same 
f actor, and he and Abegg hâve presented évidence to show that the ionic 
potential is one of the chief factors in determining chemical afiinity, 

The idea that this property of the ions of the sait might be of 
importance in determining their physiological action was first suggested 
by my colleague, Dr. J. Stieglitz, at the meeting of the American 
Physiological Society in Chicago in December, 1901. At that time 
the importance and real bearing of the suggestion were not appre- 
ciated by me, but about a year or so later I was much struck by the 
fact that the arrangement of the metals according to their solution 
tensions, as given by Nemst, was practically the same as an arrange- 
ment in the order of their toxic actions. Stieglitz 's suggestion 
appeared to me in a new light, and I set to work to get additional 
évidence that it is the ionic potential which chieây détermines the 
physiological action of ions. In 1904 I published results showing 
the remarkable parallelism between toxicity and ionic potential in the 
action of salts on the eggs of Fundulus heleroclUus. In that paper 
I showed that valence and ionic velocity — factors to which main 
importance had been attached by Hardy, Loeb, Pauli, Postemak, and 
which hâve been recently emphasized by Robertson* — are unim- 
portant when compared with the importance of the ionic potential as 
a determining factor of toxidty. I showed also that the phenomena 
of stimulation of the motor nerve by salts demonstrate the same rela- 
tionship over again, and in the clearest and most décisive manner. 
Inasmuch as I had already interpreted the phenomena of chemical 
stimulation of motor nerves to mean that the nerve impulse was due 
to a progressive coagulation of the coUoids of the nerve, it was a 

' Mathbws, Amer. Jcrn. Phytid.^ 1904, ix, pi 456. 

* RoBiSTSOiv, Tram. Roy. Sce. of SotHh Amiralia, 1905, 99, p. xi. 
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necessary înference, if this were true, that the îonic potential must be 
of décisive value in determining the précipitation of colloids by elçctro- 
lytes. An investigation of this possibility showed that this was 
îndeed the case. McGuigan' then investigated the relation between 
the ionic potential and the power of salts to prevent the action of the 
diastatic ferment upon starch, and found hère also a remarkably close 
agreement with the theoretical anticipations. 

The theory of the importance of the ionic potential has, therefore, 
been abundantly confirmed. It is the more surprising that it has 
met with little acceptance or attracted little notice, since its gênerai 
bearings are exceedingly important, involving as they do the nature 
of chemical afi^ty on the one hand, and the basis of pharmacology 
on the other. 

Owing to the importance of the subject, the slight attention it has 
reccived, and to the fact that my own ideas hâve become during the 
course of the work more dear and definite, it seemed to me désirable 
that the results prevîously presented both by myself and by others be 
summarized and put in a more definite, and perhaps a more com- 
préhensible, form, together with new observations in the same direc- 
tion. Since the solution tension and ionic potential are propcrties 
with which physiologists are not generally very familiar, since they 
lie in another field not hitherto brought into relationship with physio- 
logical processes, I hâve tried to get thèse ideas clear at the outset. 

a) General physical principles involved in chemical stimulation and 
ioxicUy. — ^Any physiological response to an extemal agent, however 
that response is produced, implies a change in motion or in state of 
the atoms, molécules, and masses composing the protoplasmic system. , 
Now such a change in state means that work has been done in pro- 
ducing thèse movements, and this work must hâve been done at the 
expense either of the internai energy of the system itself , or of the 
energy of the environment — in this case of the substance causing the 
change. There are accordingly two possible ways in which an exter- 
nal agent such as a sait might produce a change in the protoplasmic 
System. It may itself supply the energy, in whole or in part, which 
is necessary to bring to pass the internai movements of the system; 
or it may by its présence facilitate the transference of the potential 

' McGuxoAM, Amer. Jom, Phytid.t X904, lo, p. 444. 
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energy of the System îtself into kinetic. The first method of action îs 
clear, but a word may be said as regards the second. Protoplasm, 
both in its chemical and physical aspects, shows many of the phenom- 
ena of false equilibrimn. It is as if there were considérable différ- 
ences of potential in the protoplasm itself , but thèse différences were 
unable to neutralize or equalize themselves, owing to the présence of 
certain résistances. It is conccivable that our ions may produce results 
simply by acting as conductors, or in removing résistances; acting, in 
other words, as catal3rtic agents, without spedfying more in détail 
exactly how thèse act. As an example of this kind of an action I may 
mention the génération of the nerve impulse when a motor nerve is 
suddenly immersed in a sait solution, or when its eut and longitudinal 
surfaces are connected by a wire. In this case the wire or the elec- 
trol3rte serves by its présence only to equalize the différence in poten- 
tial between the two surfaces, and the nerve stimulâtes itself by its 
own energy. And any electrolyte or any conductor will accomplish 
this resuit. To what extent electrolytes may thus affect protoplasmic 
motions cannot be foretold, but it is certainly possible, and I think on 
the whole probable, that some of the actions of salts will be found to 
be of this nature. In such cases the energy content of the sait would 
be of little importance. But while it cannot be denied that some of 
the sait action may be of this character, few spécifie instances are - 
known to me. 

In the second place, salts may appear to act cataljrtically by means 
of their valence by bringing about combinations between two sub- 
stances, this combination resulting in one substance hastening the 
décomposition of the other. The ferments, for example, may in this 
way be mordanted, as it were, by some bivalent ions to the substances 
they ferment, in the manner suggested by Henri.* It will, however, 
be apparent in this case that the power of the ion to form such com- 
binations of the right degree of looseness from which the ferment can 
again escape, must be dépendent on the chemical affinity of the ion. 
Since the chemical affinity is very probably a function of the ionic 
potential, this case also really brings us back to the ionic potential as 
a highly important factor in the ion's action. 

We may now tum from thèse hypothetical cases to the other possi- 

' Henki, RevtÊ* géiUraU des sckmus^ 1905, x6th irear, p. 641. 
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bility in which salts affect the protoplasmic movements in virtue of 
their own energy content. 

In this case also the action of the sait may be twofold. It may 
either change the whole protoplasmic System by means of the energy 
in the sait, or it may by a transfer of a portion of its energy to one part 
of the protoplasm produce such a change in the latter that energy is 
set free by the protoplasm itself . It is clear, in other words, that the 
sait may destroy the protoplasm either directly, in virtue of a great 
interchange of energy between itself and the protoplasm, or it may 
destroy it indirectly, by acting on some part of the protoplasm in 
such a way that its own energy destroys it, or that the normal con- 
version of potential into kinetic energy necessary for the continuance 
of the vital processes is checked. 

A distinction is generally made between thèse two forms of destruc- 
tion, in that substances acting in the first manncr are said to be imme- 
diately fatal; those acting in the second manner are said to exhaust 
the protoplasm by over-stimulation or dépression. Thus mercuric 
chloride in large doses probably produces an immédiate coagulation 
and destruction of the living matter. In this case an immédiate and 
complète change in the protoplasmic System would be produced by 
the transfer of energy from the sait to the protoplasm as a whole. On 
the other hand, mercuric chloride may destroy living matter in small 
doses, not by this method, but by bringing about a small change in 
the protoplasm, by means of which internai résistance of some kind 
is withdrawn or increased, and the protoplasm destroys itself. In 
both thèse cases, however, the destruction of the protoplasm is a 
direct resuit of the energy content of the sait, and salts will be poison- 
ous according as the amount of free energy in them is great or small. 

For ail salts and compounds producing changes in the proto- 
plasmic System in the two last ways the chemical composition will 
be of little or no importance; the sole or most important factor deter- 
mining action will be the potential and amount of the energy in it. 
The character of the carrier of the energy, in other words, is imma- 
terial. 

The foregoing considérations may be expressed in a formula: 

Poisanous action of any salt^work donc by it^avail- 
àble energy in it^ amount of energy X its potential. 
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In the action of salts on protoplasm we hâve to deal, then, with a 
transfcr of energy from the ions to the protoplasm, or vice versa. 
From the gênerai prindples of physics we conclude that the physîolo- 
gical action of any sait solution must be a f imction of its energy content. 
The question anses how this energy content is to be measured. 

It has been shown that much, if not ail, of the action of sait solu- 
tions is due to the ions présent. We must, therefore, measure the 
energy content of the ions. The total energy of the ion is composed 
of two f actors, the free or available energy and the bound energy. It 
is only the free energy, or that which can be transferred to or from 
the ion, which is of importance in this connection. 

1. The poterUial factar of ihe free energy. — ^The interchange of 
energy between the sait solution and the protoplasm must dépend 
on the relative potentials of the two Systems, since whether any sub- 
stance can transfer energy to another dépends, not on the total 
amount of energy in the two substances or Systems, but on the poten- 
tial of the energy in the two cases. The action of any sait solution is 
then determined by its available energy, and by the available energy 
in any sait is meant the product of the différence of potential between 
the protoplasm and the sait multiplied into the amount of energy 
transferred from one to the other before the potential is equalized. 
If the protoplasm and the ion hâve energy at the same potential, the 
différence in potential will be zéro, the available energy is hence zéro, 
the work done is zéro, and the ion should produce no direct effect due 
to its energy content on protoplasm, though it might affect it cata- 
l3rtically in the manner indicated. 

2. Total free energy. — ^The total free or available energy of any ion 
is composed of two f actors, the potential energy and the kinetic energy. 
The kinetic energy^ or energy of motion, will be equal to J MV*. As 
I do not know the actual velocity of ionic movement when the poten- 
tial gradient is unknown, I am unable to détermine the kinetic energy. 
It is, in any case, generally small when compared to the potential 
energy, although not negligible when the latter factor approaches zéro. 
That is, if the potential of two ions and the protoplasm are about the 
same, thèse ions may hâve différent actions owing to différences in their 
kinetic energy, i. e., their ionic masses and velocities. In this paper, 
however, I shall consider only the potential energy factor. 
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3. The potential energy of ions. — ^What îs the measure of the poten- 
tîal energy of any ion ? The potential energy must be the différence 
in the energy content of the ion or atom in différent conditions. If 
any substance has any available potential energy, it necessarily means 
that it is capable of existing in two conditions which differ in their 
energy content, and that it gives up energy in passing from one con- 
dition to the other. That ions and atoms do exist in such différent 
conditions is well known. Thus the chemical différences between 
atomic and ionic sodium, and between ferrie, ferrous, and metallic 
iron, are due to différences in the energy content of the atoms in différ- 
ent conditions. The available potential energy of the sodium atom 
is very much greater than that of the sodium ion, as is indicated by 
the fact that when the atom becomes an ion, a large amount of heat 
is set free. 

The potential energy of the ion must be sharply distinguished from 
the ionic potential. The potential energy is in its tum composed of 
a capacity and an intensity factor; the capacity factor being repre- 
sented by the amount of electricity transferred; the intensity fac- 
tor, by the tendency of the ion or atom to change its state; in other 
words, by its stability or ionic potential. The potential energy of 
any ion must be measured hence by the ionic potential multiplied 
into the capacity. The capacity factor falls out of account if équiva- 
lent solutions are compared, since in that case each équivalent has 
the same quantity of electricity in it, and the différences between the 
actions of ions are hence due to différences in ionic potential. The 
question now comes down to the détermination of the ionic potential. 

4. The détermination of the ionic potential, — In my earlier papers 
it was not clear to me how this ionic potential could be determined, 
so I used instead, as a rough measure of it, the solution tension of the 
métal. I assumed that the solution tension would be the reciprocal 
of the ionic potential. Inasmuch as the solution tension varies with 
the concentration of the sait, I used arbitrarily the solution tension 
of the metals in normal ionic solution. 

Inasmuch as the détermination of the ionic potential dépends on 
the détermination of the solution tension, it is necessary to under- 
stand the latter term, and as this may not be f amiliar to ail physiol- 
^gists, the following explanation is given: 
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TABLE 1. 

Solution Tension in Volts or Eléments in Nosmal Ionic Solutions. 
Cations AniaDS 

Zn —0.4.93 Cl —1.694 

Cd —0.143 Br —1.270 

Fe" —0.063 ^ ~o.797 

Co +0.045 NO3— 2.229 
Ni +0.049 
Pb +0.129 
H +0.277 

Fe'"+o.3i4(?) 
Cu +0.606 
Hg +1.027 
Ag +1.048 

When a plate of métal is placed in water, a certain amount of the 
métal passes into the water in the form of positively charged par- 
ticles, so that the solution becomes positively charged, the métal 
negatively charged. The tendency of différent metals to throw off 
thèse positive particles varies, and this tendency may be measxired 
in so many volts if the métal is placed in a solution of one of its salts 
of known strength. If this is done and the différence in voltage 
between the métal and solution is measured, one obtains a séries of 
values for the différent metals, and thèse values are known as the 
solution tension séries of the metals. The measurements are gener- 
ally referred to the metals when immersed in normal ionic solutions 
of their salts (Table i). 

By a référence to Table i showing this séries it will be found that 
potassium and sodium stand at one end of the séries, thèse metals 
having in normal ionic solutions a négative voltage of 2 .92 and 2 . 54 
respectively, as compared with the solution; while at the other end 
are the noble metals, gold, silver, platinum, and mercury, which 
inmiersed in normal ionic solutions become electropositive to the 
extent of more than one volt. 

The solution tension measures therefore the différence in po- 
tential between the solution which contains a known quantity of 
the ions of the métal and the métal itself; and it expresses the 
différence between the tendency of the ion to deposit itself on the 
métal plate, and the tendency of an atom of the plate to become an 
ion. It will be seen that the values of the solution tension dépend 
entirely on the concentration of the ions in the solution, and the prés- 
ence of a plate or particle of the métal. For our purposes, therefore, 
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it is clear that the ordinary figures given for the solution tension are 
not strictly applicable to the physiological conditions. We introduce 
into the sait solution, not a plate of métal, but a particle of proto- 
plasniy and we wish to know what is the tendency of any ion in that 
solution to give up its charge in whole or in part to the protoplasm. 
The solution tension is not therefore a proper measure of the par- 
ticular property of the ion we seek. 

In previous work, in order to get comparable results, I had to 
adopt arbitrarily the solution tension of the metals in the normal ionic 
solutions of their salts, although there was no reason at ail why this 
value, rather than the value in any other concentration, should hâve 
been taken. 

It is clear that what is most important in the ion in determining 
its physiological action, and its chemical action as well, is not the 
différence of voltage between a plate of métal and any solution of its 
salts, but rather the différence in pressure between a single ion and a 
single atom of the métal. That is, it is the inhérent tendency of any 
ion in any concentration to change into an atom of its métal. This 
last property has been called the ionic potential. The method of Com- 
puting it is as f ollows : 

Nemst' has shown that the formula which expresses the amount 
of work necessary to compress a gas from volume i to volume 2 is of 
very gênerai applicability, and also expresses the amount of work 
necessary to transform one gram atom of a métal into one gram ion 
at any concentration. This formula is as foUows : 

Amount of work=L=iJ^/f^-^ . 

Va 

In this formula R is the gas constant ; T, the absolute température ; 
i/x and^a the gas volumes; and the logarithm is the natural logarithm 
This formula may also be expressed using pressures instead of vol- 
umes, or: 

L^RTln^ . 
Pi 

In this formula p^ is what is known as the solution pressure of the 
métal, and p^ the osmotic pressure of the ions of the métal in the solu- 
tion. Instead of p^ we may write P. By takîng R and T in absolute 

> NxKMST, ThêoreHsehê Ckemk, 1903, 4te Aufl. 
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units, and remembering that in ail cases one gram ion carries nX 96,540 
coulombs of electricity, where n is the valence, this formula may be 
expressed in the form of potential in volts existing between the métal 
and solution,' i. e. : 

K this potential îs measured directly by Connecting the métal 
îmmersed in a solution of its sait through a voltmeter with an élec- 
trode of known potential, E may be measured, and then P is easily 
calculated. When P is once known, E may be calculated when the 
métal is immersed in any solution of its salts of which p^ is known. 

To détermine the real ionic potential from this formula, one pro- 
ceeds as follows: It is obvions that the formula expresses the amount 
of work done in accomplishing two différent things. It expresses the 
simi of the work necessary to transform one gram atom of métal into 
one gram ion in the same space^ plus the amount of work (négative) 
necessary to expand the one gram ion from this space to one liter or 
the space it finally occupies. It is the first of thèse factors which we 
wish to détermine, since this measures the ionic potential. The for- 
mula may accordingly be written as follows: 

L^RTlnk-^RTln^ . 

In this formula p^ is the osmotic pressure of the positive ions of the 

métal when at the same concentration as the atoms of the métal; and 

^3 is the osmotic pressure of the ions when at the concentration of one 

gram ion to the liter. Accordingly, the first term of the right-hand 

member of the équation measures the work necessary to transform 

one gram atom of the métal into one gram ion occupying the same 

space, and the second term measiures the work done (négative) in 

expanding from this space to one liter. Expressing this formula in 

volts, and putting C« concentration in place of ^, and passing to 

common logarithms 

-, 0.057 1 ^a . 0057 1 ^3 / \ 

E -^ log 7^+—-^ log -^ . (i) 

In this équation E is dctermined by measurement, and the second term 
is easily calculated. The middle term, or the ionic potential, is then 

' /Mtf., p. 70X. 
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obtained by the différence betwcen E and the second term. For 
example, a silvcr plate in contact with a normal ionic silver nitrate 
solution shows a différence of potential between itself and the solution 
of +1.048 volts. .'.i5=+ 1.048 volts. Ca is the concentration of 
silver atoms in metallic silver. One gram atom of silver — ^i. e., 107 .9 

TABLE 9. 
The Ionic Potemtials or the Ions or Metals in Volts. 

K -2.92(?) Cd -0.089 0-0.426 

Na-2.54(?) Fe"+o.oo Cl-i.694(?) 

Li — 2.32(?) Co +0.107 Br — i.27o(?) 

Ba — 2.54(?) Ni +0.112 I — o.ygyC?) 

Ca -2.26(?) Pb +0.179 

Sr -2. (?) H +o.io7(?) 

Mg-i.i6o Cu +0.668 

Mn— 0.737 Hg +1.080 

Zn -0.434 Ag +1.163 

grams of silver — occupies the space at 18° of 10. i ce; i. e., the 
atomic weight in grams divided by the spécifie gravity. c,, or 

the number of gram atoms of silver in one liter of silver, = . c^ 

= 1, since the concentration of silver ions is one gram ion per liter. 
Substituting thèse values in (i), 

1 .048 volts=o.o57 log 7^+0.057 log — '— 

c 1000 

or 

1.163=0.057 log ^ . 

Thcre is hence a différence of potential of i . 163 volts between one 
atom of silver and one ion, in favor of the ion. That is, when one 
gram ion of silver changes into one gram atom in the same space 
96,540 X 1 . 163 Joules of energy are set free, or since each monovalent 
ion carries 9.65X10"*® coulombs of electricity, when one silver ion 
changes into a silver atom at any concentration, 9.65 X io~~X i . 163 
Joules of energy are set free. 

It will be seen, by comparing Tables i and 2, that the true values 
of the ionic potential calculated in this way do not in most instances 
differ greatly from the values of the solution tension in normal ionic 
solutions. The heavy metals hâve, as a rule, an ionic potential about 
0.07—0.1 volts différent from the solution tension in normal ionic 
solutions.* 

* I hâve not olculAted the ionic potentials of CL Br, and I« but hâve uaed instead the figures for solu- 
tion tension in normal ionic solution. It is alao impossible to calculate the ionic potentials of Ca, La, Ba» 
Na, andK. 
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A Word may be said about the reliability of thèse figures. They 
dépend, as will be seen, upon direct measurements of the electromo- 
tive force shown between two metals when immersed in known solu- 
tions of their salts, those solutions being in contact. This assumes a 
knowledge of the number of ions of métal in the sait solutions in ques- 
tion, and this f actor is not in ail cases perfectly certain. A much more 
serions source of possible error arises from a détermination of the 
potential of any single métal, since it is necessary to know the poten- 
tial of at least one électrode before the rest can be determined. The 
measurement is ordinarily made by using the calomel mercury élec- 
trode, which is supposed to hâve a potential of +0.56 volts. This 
voltage wàs determined by measuring the potential between a drop- 
ping mercury électrode, which theoretically should hâve a zéro poten- 
tial, and the calomel mercury électrode. Récent déterminations of 
the potential of the calomel mercury électrode by a totally différent 
method by Billitzer' give a différent value. It b, therefore, impos- 
sible at présent to say which of thèse measurements or methods gives 
the more reliable resuit. Nemst has accordingly proposed that the 
hydrogen électrode in normal ionic solution be regarded arbitrarily 
as zéro, until the absolute potential b determined. I hâve, however, 
used the values as given by Wilsmore, based on the calomel électrode 
0.56. 

The question does not influence most of the measurements which 
follow, since thèse are based on the simi of the potentials of both 
anion and cation, or upon the différences between two like ions. 
This b a constant whatever the absolute potential, since if a certain 
niunber b added to the anion, it will be subtracted from the cation. 
For example, suppose it be shown by a change in the point of zéro 
potential that the solution tension of sodium b 2 .34 instead of 2 . 54, 
this increases the ionic potential by 0.2 volt; but if sodium is 2.34, 
then chlorine b 1.894 instead of 1.694, and thb reduces the ionic 
potential of chlorine by 0.2 volt. The sum of the potentiak of 
sodium and chlorine remain unchanged. 

b) The rdatian between physiological action and ionic potential. — 
To bring out the relationship between ionic potential and toxic action, 
I hâve prepared Table 3, which shows thb relationship for the toxic 

' BiLLXTZBR, Ztsckr. fur EUktrochemû, 1909, 8, p. 638. 
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action of salts on fish eggs,* the diastatîc ferment," bromelin,^ a pro- 
teol)rtic ferment, and growing tips of peas and beans/ Table 3 shows 
that the chlorides of the various metals arrange themselves, as regards 
theîr toxicîty, wîth few exceptions, in the order of the potential cnergy 
of their ions. Ions of low potential energy, such as those of sodium, 
b'thium, magnésium, and potassium, being relatively inert, when com- 
pared with the enormously toxic action of the ions of high potential 
energy, such as nickel, lead, hydrogen, ferrie, cupric, mercury, silver, 
gold, and platinum. 

There is, I think, no mistaking this gênerai parallelism, which was 
theoretically anticipated. By no other properties known to us can 
the metals be arranged in an order so closely corresponding to their 

TABLE 3. 

MnmiDif Fatal Doses of Salts for Vasious Febments and OROAmsiis. 

(K-DiludoQ Minimiim Fatal Dose (Equivalent).) 



SALT 



AgNO, 

HgN04 

Hg a. 

Hg (CN). 

Cu SO4 

CuQ 

Te a. 

Pb (NO,). 

Pba. 

Pb (CH,0.).... 
HCl 

cd(N6V)i !.'."..*.■ 

CdÙ. 

Ni a 

NiSO* 

Ce a 

Co SO^ 

Co (NO3). 

Fea, 

FeSO* 

Zn Cl 

Zn(NO,) 

Zn SO4 

Mn a 

AICK 

MgQ 

Mg(NO,) 

Li a 



CaO,.. 
BaCl... 

li a,... 

NaQ... 
KO.... 
Na NO,. 
KNO,.. 



MxNiMUif Fatal Dose (K) Equivalskt Dilution 



Diastaae 



< 100,000 
30,000 



8.333 
333 
3o(?) 



990 



14a 
9x0 



xoo 



69 



6. as 

3-3 

I 



1-4 

4 
i.i 

as 
>-3 



EggBOf 


Cilia 


Bromelin 


RooUof 


RooUof 


Fundulus 


Vdvox 


Pisom 


Zea mais 




300, MO 


1x0,000 
75.000 


ao4,Soo 


300,000 


50,000 






ao43oo 


as.6co 






30,000 


5x.aoo 


X09,400 


15.000 




«4.000 


5X.aoo 


109,400 


4fOoo 




90,000 






5.000 




x8,soo 






5,000 










3.000 




3.000 


X9,S00 


3.aoo 


xa,soo 


Soo 








500 






51,900 


Sx.aoo 


350 




a.aso 










a,400 


a5,6oo 


6,400 


xo 










' fie» 




14.000 
8.3SO 






4 


XS 








3 










9 


5 


3a5 






4 




x,ooo 
(licl) 






3-5 


5 








a 










1.5 




400 






2 










1.3 


4(?) 


xoo 

i.(3oo( ?) 

100 







Roots of 
Lupinus 

300,000 



5x.aoo 
X 9,800 
X 9,800 

6,700 



3.aoo 
sx.aoo 



X9,8oo 

X9,8oo 
X 9,800 

6,400 



sAotboa* rcsults. 
• McGhigan, ioe, eU. 



«CaldweU. 

4 Kahlcnberg and True, he. cit^ rieald, Uk, eu 
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toxic action. For example, suppose it was attempted to classify them in 
the order of their ionic weights. It will be seen that no parallelism 
existsbetween toxic actionand ionic weight, since we hâve nickel, atomic 
weight 58, lead, atomic weight 200, hydrogen, atomic weight i, and 
copper atomic weight 32, following cach other closely. Furthermore, 
attention may be called to the enormous différence in toxicity, exist- 
ing bctween the same atom when carrying two différent quantities of 
potential energy. Ferrous iron has as an ion very little potential energy 
compared with ferrie iron, and it is enormously less poisonous than the 
latter. 

It will be noticed also that in each of thèse cases certain metals 
come out of their proper order of toxicity and potential. In the case 
of FundtUus eggs, cadmium is considerably out of its proper place, 
whereas it follows the rule in the case of diastase; for diastase, lead is 
quite out of its position; for bromelin, the great exception is barium, 
which is very toxic. The causes of thèse spécial and sporadic excep- 
tions will be taken up later. 

table 4. 

MnnMUM Fatal Do6X and Ionic Potential or Anions. 
(Eggs of Fumdtilus keleraelUus.) 



Sait 


V (Min. Fatal Dom) 


Aniooic Potential 


NaNo. 


a.o 
a.o 
a. 7 
40 
XI. 
35.0 


— 'a.aao (?) 


NaQ 


-1.604 •* 


NaBr 


— X . a7o 


Nal 


-0.797 " 


NaBrO. 


II 

— o.7a7 


Na.C.04 


—0.109 







If now we tum to the négative ions, or anions, a similar parallelism 
is shown to exist between toxicity and potential energy content. Thus 
chlorine is in ail cases far less toxic than iodine, which has twice as 
much potential energy. The oxalates and cyanides and sulphites are 
the more toxic, the greater their available energy content. Unfortu- 
nately, our knowledge of the potentials of the anions is less exact than 
our knowledge of the potentials of the cations, so that it is impossible 
to foUow the correspondence in détail; but suflScient is shown to prove 
that the same correspondence between toxicity and potential energy 
exists hère as in the cations. 

c) The quantitative rdationship between ionic potential and the 
minimum fatal dose. — It was shown at the outset that the amount of 
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work any ion can do must dépend upon its available potential energy; 
i. e., upon the product of the diflFerence of potential between the 
protoplasm and the ion multiplied into the quantity of energy 
transferred before the potentials were equalized. Of two positive 
ions holding différent quantities of available potential energy, that 
which has the more energy can do the more work. The total amount 
of work any number of positive ions can do will dépend on the con- 
centration of the the ions and amount of available potential energy in 
each ion. If we take as a standard a certain amount of work — ^let us 



I 



a 



I 



I 




jr»IoDic Potential. 

Fie. X. Ordinates repreaent the dilution of the minimum £atal dote 
AbBOMC repccsent the cation potential. 
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say the amount of work just suflicient to kill protoplasm in unit 
time, say 24 hours — the concentrations of the two ions which will 
just accomplish this work must stand in some numerical relation to 
their potential energy content. What is that relation ? 

To bring out this relationship, I hâve plotted the curve in Fig. i, 
which expresses the relationship between the ionic potential of the cation 
and the dilution (F) of the minimum fatal dose. By dilution is meant 
the number of liters of solution containing one gram équivalent of the 
sait. From an inspection of this curve it will be seen that we are 
dealing with a logarithmic function; that is, the dilution increases 
enormously in a logarithmic ratio to the ionic potential. The dilution, 
for example, increases 100,000 times while the ionic potential increases 
about five times. 

By inspection of this curve one may write the gênerai équation: 

In this formula iS is the ionic potential, V the dilution, and K the con- 

log V 
stant of proportion. If, however, we place % =jr, it will be 

seen that this formula is not in the right form, since E for some ions is 

zéro. Nor does the formula log 7= ^ „ give constant results. In 

this formula iS*+i5* represents the sum of the potentials of the anion 
and cation. Nor could it be anticipated that such a formula would 
give a proper resuit, since what we hâve to express is the différence of 
potential between the sait and the protoplasm, and this formula 
expresses only the relation between minimimi fatal dose and the 
absolute potential of the various ions. Before setting up any theo- 
retical formula, it is necessary to get clearly in mind just in what the 
diflFerence in potential between the protoplasm and the sait consists. 
d) Dérivation of a theoretical formula expressing the relationship 
between minimum fatal dose and the available potential energy of sait 
solutions. — ^We hâve now found out how to measure the potential 
of the potential energy of the sait solution; it is necessary that we 
discover also how the potential of the potential energy of the proto- 
plasmic System is to be determined, since our formula involves both 
thèse factors, the available potential energy being the différence be- 
tween the potentials of the sait and the protoplasm. 
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The protoplasmic System is made up of masses of proteid mattet 
in equilibrium apparently with particles of the same proteid in solution. 
It may be regarded as a two-phase colloidal System. We may assume, 
in the light of the investigations of the past five years, that changes in 
the protoplasmic activity are due, in part at least, to changes in the 
State of thèse colloidal particles and masses, and that the salts are 
affecting vital processes in part by producing such changes. What 
we hâve to compare, then, in the first instance, is the potential of the 
energy of the protoplasmic coUoids with the potential of the potential 
energy of the ions of the sait solution. We hâve, therefore, to get a 
clear idea of the relationship of salts to the précipitation and solution 
of coUoids. 

Since the protoplasmic coUoids are for the most part composed of 
albumin in combination with other radicles, it is to the albuminous or 
proteid colloids to which attention may first be directed. The work 
of Kossel and Fischer has cleared up the structure of the albumin 
molécule, which has been shown to be a polymer of amino acids. As 
a resuit, albumin or proteid is shown to be both acid and basic; that is, 
it is capable of uniting with metals to form true salts, and also with 
acids through the amino group. 

If common egg albumin is dissolved in alkaline solution, it exists 
as sodium albuminate; if it is dissolved in hydrochloric acid, it 
exists as albumin chloride. Sodium albuminate dissociâtes electro- 
l)rtically, owing to the high dissociating power of sodiimi (that is, its 

high solution tension), and Na+and albimiin ions are formed. Simi- 

larly, owing to the high dissociating power of the chlorine, albumin 

+ 

chloride dissociâtes into albumin and Cl ions. This dissociation 
results in giving the albumin — ^that is, the colloidal particle — a positive 
or négative electric charge. It is possible to change the sign of the 
charge on the albumin particles by making an alkaline solution suffi- 
ciently acid. This is brought about in the folio wing way: By adding 
acid to the alkaline albumin the highly dissociated sodium compound 
is replaced by the slightly dissociated hydrogen compound. The 
resuit of this is that the charge on the colloid is neutralized, undis- 
sociated albumin is formed, and if the concentration of the albumin is 
sufficiently great, précipitation will occur. If one continues to add 
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acid, the albumin combines wîth the hydrochloric acid and goes over 
into the chloride. This at once dissociâtes the chlorine ion as a néga- 
tive ion, and the albumin becomes the cation. It will, however, be 
clear that, although in this case the albumin is mainly electropositive, 
yet it is an acid, and the ionization of its hydrogen is not completely 
suppressed, although it is reduced to a very small amount. This 
means that hère and there are albumin particles which are at one spot 
electronegative, since they dissociate hydrogen, and in another spot 
electropositive, since they dissociate chlorine. We hâve some am- 
photer or twin ion colloids, in other words. The évidence of the 
existence of such ions will be taken up on p. 104. 

I make this explanation at such length because it does not appear 
to be clear to many that the albumin colloids owe their charges to 
processes of ionization, just as any salts owe their charges to thèse 
processes. Thus several writers hâve assumed that the charge was 
owing to the sait introduced. The ion of the sait introduced which 
moved fastest was supposed to bury itself in the colloid particle, and 
thus give its charge to it. This hypothesis is quite unfounded and 
undoubtedly erroneous. 

The proteids, therefore, in protoplasm exist as salts, and dissociate 
sodium or other metallic ions, and chlorine and other anions, and the 
colloids thus become charged. Some proteids hère and there dis- 
sociate both positive and négative ions. The colloids in protoplasm 
are undoubtedly in the condition of a saturated solution, and we hâve 
an equilibrium between dissociated and undissociated colloids, in 
solution, and undissociated and dissociated precipitated colloids.* 
It has been shown, furthermore, that the state of solution and the 
fineness of subdivision of the colloidal particles dépend on the number 
of free electrical charges on their surfaces. The greater the number 
of similar charges, the greater the solubility of the colloid. 

In determining the potential of the potential energy of the colloid, 
we hâve, then, just the same factors to consider as in the salts, since the 
colloids are salts. The potential of the energy content of the colloid 
solution must be determined by the ionic potentials of the ions into 
which it dissociâtes, for example, the potentials of sodium and albumin. 

*Aa aponible nramplp of a diasodated insoluble ooUoid, fibrin which has been in add may be men- 
tioaed This fibrin dissociâtes hydrofen, but the hydiocen ion is unable to roove away frora the fibrin. 
The condition is very similar to the double layer at the surface of an électrode. 
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In studying the action of any sait on an albumin solution, the real 
question to be answered is: What will be the resuit upon the solu- 
biUty and state of the colloid of replacing the ion already in combina- 
tion with the proteid by some other ion contaiiting a différent amount 
of potential energy? Wc hâve to know, therefore, before we can 
answer the question of the action of any sait on a colloid, what the ion 
is which is already in combination with it. This is a very important 
point, which is frequently overlooked in studying the action of salts. 

To get a clear idea of what happens when a sait is added to an 
albumin solution, let us consider first, the condition of affairs in 
the sodium albumin solution in which the proteid exists as Na + albumi- 
nate. As the colloid stands in a saturated solution, it is in a condition 
of equilibrium. The sodium ion has separated a certain distance 
from the albumin ion. The distance it moves dépends, no doubt, on 
several factors, but the most important will probably be its tendency 
to go into solution — i. e., its solution tension.* The positive ion of 
sodium repels a négative charge with a power equal to 2.54 volts. 
What the négative solution tension of the albumin ion is, unfortunately 
is unknown. The efifect of the positive charge on the sodium will 
be, of course, to neutralize the négative charge on the albumin, 
but, owing to the fact that the sodium repels the négative charge and 
holds its positive charge so firmly, it is unable to neutralize it, and the 
colloid remains in solution. We hâve, in other words, an equilibrium 
between dissociated and undissociated sodium albimiinate. 

The question, then, to be solved is this : What efifect will it hâve on 
the solubility of the colloid if we replace the sodium ion by another 
ion containing a difiFerent quantity of potential energy, i. e., having a 
dififerent ionic potential? One of two results may be anticipated: 
either the dissociation will increase and the colloid go more completely 
into solution, or it will diminish and the colloid be more or less com- 
pletely precipitated. 

If we introduce an ion of higher potential than sodium, evidendy 
the State of equilibrium can no longer be the same. Energy will 
pass from the positive ion to the albumin, and will in some degree hold 
or neutralize its négative charge. We may imagine that the new 

^Many facts indicate that one ci the most important factors ia detennining the ionization of salts 
is the ionic potential of its ions. For ezample, compare the ionisation constants of the iodide, chloride, 
and bromide of mercury or silver; or compare the ionisation of silver and sodium nitrates. 
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ion no longer can move so far from the albumin, and in conséquence 
more nearly neutralizes its charge. The resuit is that the surface of 
the coUoidal particles will be reduced, the surface tension will be 
increased and the coUoid will be less stable. In another way of 
putting it, the dissociation is somewhat reduced and consequently 
some of the colloid tends to precipitate. If, in fact, the ion used to 
supplant the sodium has a sufficiently high potential, it will practically 
not leave the colloid at ail, the dissociation will be greatly reduced, the 
négative charges almost neutralized, and précipitation will occur. 
If the ionîc potential of the introduced ion is still higher, it may oxidize 
the colloid; i. e., an actual exchange of charges will take place between 
the albumin and the ion. 

If, however, an ion of lower potential is introduced in place of the 
sodium, the reverse of thèse processes will take place. lonization 
will be increased, the négative charge will be freer, and the solubility 
of the colloid will be greater. This will be the case if potassium is 
substituted for the sodium, provided that potassium has a lower ionic 
potential than sodium, as is generally assumed, and that no other 
factors come into play. 

It is, therefore, clear that the eflfect of any sait upon a saturated 
colloidal solution of albumin in which the albumin is electronegative 
will dépend chiefly upon what ion is in combination with the colloid 
when the sait is introduced. 

The quantitative différences in the effects of différent salts must 
dépend upon the différences in the ionic potentials of the ion in com- 
bination with the proteid and that substituted for it. 

So far, we hâve considered only the rôle of the positive ion. That 
of the négative ion is also of importance, but somewhat more diflS- 
cult to picture to ourselves. We may, however, look at it in this 
way. The différent négative ions introduced hâve différent ten- 
dencies to deposit on the colloid, and give up their négative charges 
to it. This tendency is measured by the ionic potential of the ion. 
If the négative ion does deposit, it will tend to increase the négative 
charge on the colloid, and hence to dissolve it. The higher the ionic 
potential of the anion introduced, the greater must be its dissolving 
action on the colloid, since the greater will be its tendency to give its 
négative charge to the albumin. If the ionic potential of this ion is 
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lower than the albumin, it will hâve an opposite or precipîtatîng 
action, since then the colloid will tend to give up its charge to it. 

Thèse conclusions are confirmed by my results on sodium albumi- 
nate, and those of Osbome and Harris on edestin. 

Front thèse gênerai considérations the conclusion may be drawn that 
the prtcipitating action 0} the sait on the coUoid wUl be proportional to 
the différence between the ionic potential of the positive ion already corn- 
bined with the colloid and that substituted for it; and that the dissolving 
action of the anion wUl be proportional to the différence in potential of 
the anion of the colloid and that we introduce; or 

Precipitating action =£c aaXt—^e coUoid- 

Dissolving action = £a sait — ^acoUoid- 

In this formula Eg sait îs the ionic potential of the cation of the sait 
introduced, and E^ coUoid that of the cation of the colloid. E^ .^t 
and Ea ajioid are the values for the anionf. 

Since thèse two actions are mutually antagonistic, the actual action 
of the sait will be equal to the différence between them, or 
Actual action» precipitating— dissolving action 

=^c sait— ^c colloid — ^a salt + ^a coUoid 

If the resuit is positive, the sait should precipîtate; if it is négative, 
it should dissolve the colloid. If it is zéro, the sait should not affect 
the colloid except by mass action or by action on the water. In other 
words, the actual action of any sait on a coUoid in solution will be pro- 
portional to the différence between the ionic potentiels of the ions of the 
saltf minus the différence in ionic poieniials of the ions of the colloid. 

Let it be assumed that the logarithm of the dilution of the least 
precipitating concentration, or the logarithms of the dilution of solu- 
tions of équivalent dissolving power, are proportional to the actual 
action of the sait.* This gives the foUowing équation: 

log 7=/î:[(£*-£*^)- (£"-£^")]-f const. (2) 

Comparing two salts with the same sign of action, i. e., dissolving or 
precipitating. 

log 7, = /5:[(£i-£f)-(£"~^')]+const. 
log 73=/î:[(£i-£?) -(£"-£*")] +const. 

log p^=/î:[(£i-£f)-(4-£r)] . (3) 

> See Fig. I, p. 96. 
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That is, the hgarithm of the ratio behveen équivalent precipitating con- 
centrations 0} two salts, divided by the différence between the différ- 
ences of potentials of the ions of the two salts ought to give a constant.* 

We thus hâve for the first time a formula for application to pro- 
toplasm which states clearly at the outset that the effect of any sait 
solution on the protoplasm will dépend upon what ions are already 
in combinaticn with the protoplasm. In other words, if we supplant 
most of the ions in any cell by sodium, and then apply calcium chloride, 
the efifect will be différent from that obtained if calcium chloride is 
applied before the sodium chloride. Furthermore, the same sait will 
act differently on différent cells, if only those cells hâve différent ions 
in them. Both of thèse necessary conclusions of the theory hâve 
been established by observation. To make this perfectly clear, the 
différence in potential between the protoplasm and the sait solution 
which we started to measure is the différence in potential between the 
Systems ionized colloid — ionized sait. 

However, this formula cannot be applied directly as it stands to 
protoplasm as a whole, because it only applies to colloidal solutions 
in which the colloids are ail of one sign. In protoplasm, however, it 
is certain that we hâve colloids of both signs and very probably 
amphoter colloids; i. e., colloids which are both positive and néga- 
tive at différent parts of the molecule-t We probably hâve, in other 

* This fonnuU may, I think, be substhuted with advantage for that of the tensioa ooeffldeiit. It 
U in reafity the numerator of the tenaioa coefficient. 

t A nomber bf facts speak for the présence <A. such twin ions in coUoidal albumin solutions and in 
protoplasm. For ezample, if egg albumin is dialysed nearly free from aalts, and then coagulated 90 as 
to fbrm a weskly alkaline colloïdal solution of albumin, and if this solution is then made acid, it b well 
knoim that the albumin becomes predominantly electroposittve. That is shown by the colloid migrating 
sknrly to the cathode in an electric ficld, and also by the oombining power of the albumin, since it now 
combines readOy with picric and other acids to form albumin picrate, tannste, and 90 on. Nevertheless, 
if the solution is not too add, it will oxnbine still with the metals in some measure. This is undoubtediy 
due to the composition and character of the albumin. The alkali albumin first obtained by heating 
is a sait. When the albumin has add added to it, there is formed, in the first instanrr. the free add of 
the albumin, which is not mudi disaodated. In addition, the add is added to the amido-group, and in 
an ezœss of add hydrolytic décomposition bdng greatly reduced, the dissociation takes place so as to make 
the albumin predominantly electropositive. However, the ioaizatûm of the acid is not entirdy prerented, 
althougfa it is greatly reduced, so that in some i^aoes we must hâve some hydrogen ions bdng formed, 
leaving the albumin electronegative at certain i^aoes. It b probably this small perœntage of hydrogen 
ions which can still be replaœd by the metals. I found that, as a matter of fact, the heavy metals mer- 
cury and copper, althou^ they would not in ihemselves cause a predpitate if the solution were suffifimtly 
acid, yet they rendered the albumin far more easily predpitated than it was before. This is to be antid- 
pated on our view that the colloidal partides are in aome places négative and in other i^aoes positive. Not 
only does this appear to be the case for albumin, but in protoplasm there is also reason for believing that 
both ions of the sait are actually bound by the protoplasm, and espedally in FuHdtUus eggs. It will be re- 
membered that Du Bois Raymond long ago aasumed that sudi polarixed partides might ezist in proto- 
plasm. 
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FiG. 9. inustrating a coUoidal twin ion 
dinHOTMiring at one pUoe K, and at another Cl, 
leaving the a>noid both négative and posid^e 
at difleicnt places. 



words, ions like that in Fig. 2. As a matter of fact, if we try to 
apply this formula to the results on toxicity, a discrepancy between 
the response of protoplasm and colloidal albumin to salts is at once 
noticed. I hâve aheady called attention to this discrepancy. The 
discrepancy is this: While in the colloidal solutions the opposite 
action of the ions, dissolving and precipitating, is clearly apparent, 

and that opposite action is propor- 
tional to the ionic potentials of the 
anion and cation respectively, for 
protoplasm in gênerai and for the 
ferment studied by McGuigan a dif- 
férent relationship is seen in that, 
instead of the positive ion counter- 
acting by its energy content the 
négative ion, as it ought to do on 
the theory developed, a summation 
of efiFects is noticed. The iodides of the metals, instead of beîng 
less poisonous than the chlorides, as they should be, are more 
poisonous. The explanation of thèse facts is to be sought on the 
basis of the dififerently charged colloids présent. 

If thèse amphoter colloidal particles exist in protoplasm, or if we 
are dealing in protoplasm with a mixture of both négative and positive 
colloids, each ion will tend to precipitate. In the twin ions, if potas- 
sium is replaced by an ion of greater potential energy, the proteid will 
tend to be precipitated, since the négative part will be partially neu- 
tralized; and similarly if chlorine is replaced by an anion of greater 
potential. Both ions, therefore, will exert an action in the same direc- 
tion, and there will be a summation of action in this case instead of a 
différence. The formula for toxicity would become: 

Total action = (£cation sait — ^cation coUoid) + (^anion sait — ^anion coUoid) 
= (^cation salt'H^anion sait) ~ (^cation coUoid ~^^anion coUoid) > 

or, writing Efc and £i for the ionic potentials of the anion and cation 
of the sait introduced, and Ec and Ea for the ionic potentials of the 
ions bound to the colloid, 

log r=ii:[(£i+i?a)-(£.+£j]+c 

log 7"=ii:[(£?+^)-(£,+£a)]+C 



(4) 
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log ^^K{Éc+Ei^É:-Éi) (s) 

I 7* 

That iSy the hgariihm 0} the ratios oj the dilution of the minimum 
fatal doses oj two salts, divided by the différence 0} the sums 0} the ionic 
potentials of the two saltSy is a constant. 

Thîs formula îs very simîlar to that derived by me empirically 
from a study of the dilutions of the minimum fatal doses of salts 
toward the eggs of Pundulus heteroclitus. The empirical formula was 



Va^ 



V, 



Ea—Efi 



2o.X5+o.oa£« 



In this formula Ea and E^ were the décomposition tensions of the 
salts. 

If we take instead of 2 the base of the Naperian logarithms 2 . 718, 

and instead of ; s- we write K, this goes over into the form 

0.lS + 0.02£a 

7a«7,2.7i8-'(«--«.) . 
Taking natural logarithms 

log Va^log Vo-KiEa-Eo) 

log^^ K{E,-Eo) . 

This, in other words, is the same expression as that already derived, 
using the décomposition tension; i. e., the sum of the solution tensions 
of the ions, in place of the sum of the ionic potentials. 

The formula may also be derived in another way. If F is the 
dilution of the minimum fatal dose, and if we let X represent|the 

différence between the sum of the ionic potentials of protoplasmic 

dv 
ions and sait ions, obviously from the form of the curve -jz varies 

with its position on the curve, that is with V 

dv ^ 

/.log 7=XA'+C-X(4+^;-£^-£j+C . 

An application of this formula to the results of McGuigan and 
myself give the following values for K. In each case it is assumed 
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that the original ions in combinatlon with the colloids are K 
and a* 
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The values of K (Table 5) are on the wbole fairly constant for the 
great majority of the salts compared. The variations from the mean 
of 2 . 2 are due almost entirely to the fact that mercury is not so poison- 
ous as it should be, and that cobalt is a good deal less toxic than the 
theory demands, while nickel is a little more toxic. The explanation 
of thèse variations is no doubt to be found in part in the dissociation. 
I bave assumed throughout that the dissociation is complète. This 
bas been done for the sake of simphcity. It is, however, certain that 
the dissociation of mercury chloride even in thèse dilutions is far from 



Ihe 
ic IhU Uk posllJTc 
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complète. If we assume it to be only 50 per cent, it would bring the 
mercury into îts proper position. Similarly with cadmium, which is 
a triâe too low in îts toxicity, tbis dissociation is certainly incomplète. 
As regards cobaltous chloride, which is noticeably below what it 
should be, I bave no explanation to oiïer except to point out that it 
occupies the same exceptional position toward some other fonns of 
protoplasm. Possibly its power of fonning double compounds with 
ammonia and îts derivadves may bave something to do with îts 
anomalous behavior. 

The constancy of K must be regarded, I think, with the exceptions 
just mentioned, as satisfactory, when ît îs remembered that the method 
of determlning the minimum fatal dose — that îs, by dilution — does 
not pennît of very accurate %ures. 

C evaluated from thèse figures was — 4.111. (See Formula 4.) 



TABLE 6. 
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The results obtained upon Fundulus {Tables 6 and 7) do not give 
quite such constant values as those of McGuigan, and indeed with so 
complex a System this was not to be expected. Howevcr, the 
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average value oi K in thèse results is almost exactly the same as that 
of McGuigan; i. e., about 2.2. The exceptions in thèse results are, 
with the expection of cadmium, the same as those recorded by Mc- 
Guigan, cobalt being too little toxic and zinc too toxic. I hâve deter- 
mined K for zinc chloride in comparison with ail other métal chlorides, 
expecting that, while the ratio would be too low for ail other metals 
above it in the scale of ionic potentials, it would be too high for ail 
metals below it, and thèse two errors should neutralize each other, 
provided the metals were about equally distributed above and below 
zinc. The resuit (Table 7) gave for the mean K 2.03, which is a 
litttle low, but fairly close to the mean 2.2 already obtained. 

I hâve also determined (Table 8) the fatal dose just sufficient to stop 
swimming in two minutes in rapidly swinuning cultures of Volvox 
globator. Four metals were investigated — i. e., silver, cadmium, 
manganèse, and magnésium. K was assumed to be 2.2, the same as 
that for Pundidus and diastase, and the constant C was calculated. 

The resuit was as follows: 
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Mean— 3.33 



The constant C is thus found as constant, as could be expected 
from the methods used and the variability of the cultures. 

Undoubtedly the most consistent and accurate results thus far ob- 
tained are those of McGuigan upon the minimum fatal dose of salts 
for the diastatic ferment. Thèse results are plotted in Fig. 3. I hâve 
used only those results which were obtained with the metals Mg, Mn, 
Zn, Cd, Co, Ni, H, Cu, Hg, and Ag, for the reason that the solution ten- 
sion, and hence the ionic potential, of ail metals above magnésium — 
i. e., Ca, Sr, Ba, Na, K, Li, and Cs — are stiU so very uncertain as to 
make the comparison of ionic potential and fatal doses of little value. 
In Fig. 3 the Une A B represents the formula. 

log F«C-hii^(£cation8alt— 'EcatiancoIkjid)+(-EMiooialt— -Eanioncd • 
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The ordinales represent the logarithms (common) of the dilution 
(7) of the minimum fatal dose; the abscissae represent the différences 
between the ionic potential of the cation of the colloid, which is assimi- 
ed to be potassium at 2.9 volts and the ionic potential of the varions 
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Fio. 3. Plat of rasults obtained with diastaie. Ordinales are the logarithms of the dihitiaa of the 
minimimi fatal dose. Absdsic represent the différence between the ionic potentials of K. Q and poceU' 
tials of ions of Unie lalts. 

metals. The Une makes an angle with the X-axis, the tangent of 
which is 2.23, and it cuts the F-axis at— 4.11 (or C). 

The remarkable closeness with which the various metals approxi- 
mate to this Une wiU be apparent. 
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If now we tum to my results on Fundulus (Fig. 4), two things are 
at once clear from an inspection of Table 6 and Fig. 4. The first 
resuit is that the gradient or slope of the Une which represents the rela- 
tion between toxidty for Fundulus eggs and the ionic potential is 
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Fio. 4. Plot of results obtained with eftss of Pwndtdus keterociUus. Ordinates and 
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as in 3. 



exactly the same as that found for diastase. This must be regarded 
as confirmatory évidence of some value of the probable correctness 
of our attempt to work out a numerical relationship between 
toxicity and ionic potential. The second resuit which is very 
clear is that there is in the case of Fundulus greater variations than in 
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the case of the fennent. This is, of course, to be expected since in the 
egg we are dealing with a vastly more complicated System than in the 
ferment. We hâve not only a variety of ferments and substances 
which might be differently affected by the salts, but the eggs are in 
addition separated from the water in which the salts are by mem- 
branes which are known to be variously perméable to différent salts. 
The fact that the results show so good an agreement with the com- 
puted values is hence the more satisfactory. As regards the excep- 
tions, it will be observed by comparing Figs. 3 and 4 that they are in 
gênerai the same in each, only the déviations are greater for the egg. 
Thus zinc, which toward diastase was somewhat more poisonous than 
it should be, toward the eggs is very much more toxic. Cobalt, which 
is too little toxic toward diastase, shows the same relationship toward 
the eggs; the same is true of mercury. On the other hand, certain 
very interesting spécial exceptions occur. Thus cadmium, which 
toward diastase occupies almost exactly its theoretical position, is 
toward Fundulus heteroclUus eggs extremely toxic. It is, in fact, so 
toxic and so far out as to show that there is some spedfic and spécial 
reason for its aberrance. I hâve accordingly disregarded it. On the 
other hand, lead, which was for some spécial reason far out of place 
toward diastase, is hère almost where it should be. 

As regards the toxidty of the metals sodium, potassium, and 
lithium it will be noticed that they are relatively more toxic toward 
Fundulus than toward the diastase. The reason for this may possibly 
be that the strong. solutions are in themselves harmful by their osmotic 
action on the cells. 

I hâve also incorporated the results of a few observations made 
upon the rapidly swimming culture of Volvox ghbcUor (Fig. 5). I de- 
termined the concentration just sufficient to stop swimming within two 
minutes. The computation of the constant a, from the results gives a 
very satisfactory agreement. 

e) Other results on toocicity. — The results of Caldwell on bromelin, 
the proteol)rtic ferment of the pineapple, I hâve been unable to bring 
to any satisfactory numerical agreement. But while Caldwell's re- 
sults cannot be brought into quantitative relationship with McGuigan's 
and mine, the gênerai trend of the results is plainly the same. The order 
of the toxicity of the metals is in nearly ail cases as it should theoreti- 
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cally be, so far as he has tried those of which the solution tension is 
known. The same exceptions are also apparent. Thus cobalt is 
not suffidently toxic, and zinc is too toxic for the rule. Lead is about 
where it belongs, but in this case barium is the marked and peculiar 
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Fio. 5. Plot of résulta obtained with Yolvox. Abadwie and ordinatea aa in F!g. 3. 

exception, in place of the lead toward diastase, and cadmium toward 
the Fundulus egg. 

The results of Heald (Table i) so far they hâve been obtained 
with the salts we are examining, show much the same order of effi- 
ciency . Thus for Pisum scUivum the order of toxidty is : Ag, Hg, 
Cu, Ni, Co, and H ; while for Zea mais it is Ag, Cu, Hg, Ni, Co, 
and H. Thèse results are not of a suffidently definite character, 
based as they are on the growth of roots, to enable very accurate quan- 
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titative comparisons. It will be noticed that nickel is more poisonous 
than cobalt for Pisum sativum^ and far more poisonous than cobalt 
for Zea mais. Both of thèse roots appear less sensitive to acids 
than to the metals, the hydrogen ion being less toxic than nickel. 
With LupinuSf while the gênerai order is the same as that observed 
elsewhere, cadmium is hère more poisonous than copper — ^just 
the exception noted for Punitdus. 

The results of Clark and Stevens upon mold spores are also for the 
purposes of quantitative comparisons unsatisfactory. Thèse spores 
appear to be surrounded by such membranes, or to hâve so great 
a résistance, as to make the interprétation of results very doubtful, 
although there can be no doubt that the gênerai trend of the results 
is the same as that already noted. 

True and Kahlenberg's results (Table i) are more satisfactory, 
but, owing to the fact that thèse authors did not study many of the 
metalSi and also did not prétend to fix the fatal point with accuracy, 
their results are not satisfactory for quantitative treatment. True's 
results upon the toxicity of the salts of the varions acids are unfortu- 
nately unavailable for our ptuposes, owing to the uncertainty of 
the ionic potential of thèse anions. 

/ ) The soluhUUy 0} globtdin in sait solutions. — In a previous 
paper' I showed that the solubility of sodium albuminate (egg albu- 
min in alkaline solution) in différent sait solutions was determined 
by the tension-coefficient of the sait. By the tension-coefficient 
was meant the différence between the solution tensions of the ions 
divided by their simi. The numerator of this fraction should be 
the ionic potentials instead of the solution tensions. I showed that 
in an alkaline solution the solubility was greater in sodium iodide 
than in the bromide or chloride, and that when the ionic potential 
of the cation surpassed a certain figure the salts precipitated the 
albiunin. Table II' shows the relationship (qualitative) between 
the ionic potentials of salts and their power of dissolving or pre- 
cipitating such albumin, both the unboiled and the boiled. It 
will be seen by an inspection of the table that the ionic potential 
arranges the salts in the order of their action on the albumin. 

Osborne and Harris' hâve estimated quantitatively the solvent 

* Mathxws, Amtr. lotir. PhysM.t 1905, 14, p. 104. 

* OSBOIMX AHD HaRSB, <MI., 1905. p. 15X. 

* Mathsws» Ioc. cit.t p. 911. 
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power of many salts for the globulin of the hemp seed edestin. I 
append their results hère to show how far they agrce with the theoretî- 
cal déductions which were worked out on p. 102. In Table 9 Eg—E^ 
represents the différence between the ionic potentials of the salts; 
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the third colinnn represents the number of ce. of a normal solution 
of the salts which will just dissolve one gram of edestin. I hâve 
taken thèse figures f rom the chart given by Osbome and Harris. They 
are only approximate. The thcory requires that the more négative the 
différence £^— £«, the smaller the amount of sait necessary to dis- 
solve a given amount of the edestin. It will be seen that this relation- 
ship holds very well if we compare the iodides, chlorides, and bromides 
of sodium, lithium, and potassium respectively. llnfortunately, 
the great uncertainty of the solution tensions and ionic potentials 
of sodium, potassium, and lithium, prevent quantitative comparisons 
between the différent metals. In the fourth colunrn under JT, I 
hâve computed the constant by the formula on p. 102, using instead 
of the logarithm of the dissolution the logarithm of the ratios of 
number of ce. of the différent solutions necessary to dissolve one 
gram. The figures are placed between the salts compared. The 
formula used was: 

logSf-=x. 



li.«L.»< 



Osbome and Harris draw the conclusion that the solubility 
is independent of the nature of the base, but I think their figures 
speak for themselves. The différences between potassium, lithium, 
and sodium are small, to be sure, but nevertheless apparent. The 
importance of the base becomes obvious so soon as any other salts 
are examined in which the base has a higher ionic potential than 
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thèse. Then it is seen that whether the sait dissolves the edestin 
or converts it into a curdy mass dépends mainly on the base. The 
reason why so slight différences exist in the solvent power of the 
cations, sodium, potassium, lithium, barium, calcium, and magné- 
sium, is shown by an examination of their ionic potentials, which 
are very low and probably about the same in each. The solvent 
power of manganèse and ferrons chlorides is low. 

Cu, Cd, Cr, Co, Fe'", Pb, Hg, Cu, Al, Zn chlorides and nitrates 
ail fail to dissolve. 

The solvent powers of the anions arrange themselves in descending 
order as follows: Cr04, SO3, S.Oa, I, Br, Cl, SO4, which is almost 
certainly the descending order of the ionic potential of thèse ions. 
The fact that thèse bivalent ions of high ionic potential dissolve, in- 
stead of precipitating, the colloid, and that the valence of the anion 
is imimportant, is, in my opinion, good évidence that the edestin 
in such solutions is electronegative and not electropositive; for, as 
has been shown by Hardy and many others, the valence of the ion 
of the same sign as the colloid is immaterial, but toward a colloid of 
opposite sign it is very important. 

The peculiarity of the dissolving action of the heavy métal acé- 
tates' also receives a possible explanation. In thèse solutions which 
dissQciate acetic acid the edestin becomes electropositive. Con- 
sequently it is no longer predpitated by the positive ions, but receives 
energy from them, and is rendered more positive, and hence more 
soluble, than it was before. The cause of the failure of the chlorides 
to dissolve the edestin in acid solution would be that given by 
Osbome, that in such solutions, where there are many hydrogen 
ions, it is changed into edestan as an insoluble product. 

I append hère also a summary of the results of Pauli' iUustrating 
the same facts, showing the parallelism between the solvent or pre- 
cipitating power of the anion upon albumin and its potential energy 
content. The paraUelism is certainly unmistakable. 

Order of prccipiUtion SCN>I>Br>N03>Cl>CaH30a 

Ionic potential 83(?) — .79 — 1.27 — 1.694 

g) The phenomena 0} stimulation of cells. — I found that the salts 
ranged themselves very simply in the order of their energy content, 

> OsBouns AND Hauos, loc. cit.f p. 165. 

' PAUUf HofmeisUr*s Beitràge^ 1905, 6, p. 249. 
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so far as their action, stimulation or dépression, on the motor nerve 
was concemed. But it is clear from what bas been said, that no 
sucli simple arrangement is to be anticipated in studying a complex 
System such as a cell undergoing rapid change. In such a System 
ail we observe from the action of the sait is a definite resuit, which 
implies a certain change in the system. This resuit may be a stimula- 
tion, such as a muscle contraction, or nerve impulse. Evidently 
the same resuit may be brought about in several différent ways: 
either by direct action of the sait on the particular part of the System 
which undergoes change ; or, indirectly, by the sait altering another 
part of the system, so as to produce or check the resuit. It is con- 
ceivable that the same sait may hâve a double action: by one action 
tending to produce the direct change of the response ; and indirectly 
by action on another part of the system having as a resuit the 
setting-up a process which will check its own direct action. 

Something of this last process obtains, I believe, in protoplasm 
generally, so that strict adhérence to the law of ionic potential action 
is not to be expected; but a gênerai adhérence is to be expected, 
and the facts show it exists. 

An interesting examplc of this stimulating action is seen in 
the extrusion of polar globules in Chaetoplerus eggs. Thèse eggs 
imdergo the first processes of maturation before they are shed, but 
they do not extrude the polar globules until fertilized. The first 
polar spindle is formed and comes to rest in the equatorial plate- 
stage. Evidently in this egg there is not sufficient energy in the 
spindle to overcome the résistance offered by the surface tension or 

TABLE xo. 

MlMIMUM CONCKimATION OT VaKIOUS SaLTS CaUSZNG ExTKUSION of POLAl 

Globitucs » Chaxtoftkkus. 

Sait Concentration 

Nej citrate i}g n 

NaaS04 in 

Kl <*» 

KBr <Â n 

KCl ^t n 

NaCl A « 

LiCl <i n 

CaCla Â » 

MgCl. o(?) 

MnCla o 

CdCl, <-î^ 

CuCl, <ûmn 



Phasmacodynamics of Salts and Drugs 117 

other factors, of the egg. Salts may cause extrusion either by 
încreasing the energy in the egg, or by decreasîng the surface tension. 
Unfortunately the end-points were not determined accurately in 
many instances, but the figures (Table 10) suffice to show that the 
stimulation of this particular function was greatest in copper and 
cadmium, fell to nothing in manganèse, was doubtful in magnésium, 
and then increased as salts having anions of higher ionic potential 
were used. In other words, if we begin with manganèse or magné- 
sium chlorides and pass to salts having a higher potential energy of 
either the anion or cation, this function is stimulated, and less of the 
sait must be used as the energy content increases. 

GENERAL CONCLUSONS. 

The gênerai conclusions of this investigation are: 

1. The action of salts upon the protoplasmic System is due chiefly 
to the ions of the sait. 

2. The particular resuit obtained — toxîc, stimulation, or dépres- 
sion exdted by any sait solution — is caused, in part at least, by the 
substitution of the ions in the protoplasmic System, and in large measure 
in combination with the protoplasmic coUoids, by the ions of the 
sait solution used. 

3. This substitution causes a disturbance of the equHibrium 
of the protoplasmic System, which, if sufficiently pronounced, leads 
to destruction. 

4. The Power 0} différent ions to upset the ordinary state of the 
protoplasmic System dépends on the différence between the potentiel 
energy content of the ion which is replaced^ and that which is intro* 
duced. This différence in potential energy content is determined by 
the différence in the intensity factor of the potential energy of the 
ions — i. e.f by différences in the ionic potentials. 

5. It follows from 4 that the ions must arrange themselves in 
toxic power according to their available potential energy contents 
(ionic potentials). This was shown to be the case not only for toxic 
action, but also for stimulating and depressing action. 

6. It was shown that a good numerical relation exists between 
the available potential energy of any sait and its minimum fatal 
dose, so that for simple Systems the minimum fatal dose can be very 
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closely calculated from the available potential energy of the sali, 
if certain constants are known. 

7. A method was found for Computing the ionic potential of 
various ions from the solution tensions. 

8. In the case of Fundulus eggs, which were particularly inves- 
tigated from this point of view, the order is also consonant with 
the theory, but the quantitative relationships, while fairly good, 
are not so uniform as in the case of diastase. 

The character of the action of any given sait solution on proto- 
plasm must of necessity dépend upon the character of the ions, métal 
and metalloid, already in combination with the protoplasm. This 
results as a necessary conséquence of the theory, and it explains 
the fact that toward différent cells, and toward the same cell after 
exposure to différent sait solutions, the same sait solution may exert 
a différent action, being at times stimulating, at other times 
depressing. 

It has been shown that the physiological action of any sait solu- 
tion is a function of the available potential energy of its ions. The 
action of the organic drugs will, I think, also be found to dépend, 
in part at least, on the available potential energy of the dissociated 
particles of the drug. 



AN INSTANCE OF THE APPARENT ANTITOXIC ACTION 

OF SALTS* 

Percy Goldthwait Stiles and Carl Spencer Milliken. 

(Fnm Ihê Physiologkal Labontary of tkê Massachusetts InsHtate of Tsekmiogy and ihê BMogkal Départ- 

mani of Eifam Cdhge.) 

The idea that certain salts may neutralize toxic properties of 
other salts so that a suitably proportioned mixture may be harmless 
to living protoplasm though its constituents are individualiy harmful, 
is one which we owe especially to Loeb* and Mathews.* There 
is much évidence favoring such a conception. The observations 
of Loeb upon the abnormal behavior of skeletal muscles in sodium- 
chloride solutions and upon the failure of fish embryos to develop 
in solutions of this single sait are-likely to be ranked as classic. He 
found that the muscles no longer twitched when certain salts, notably 
those of calcium and potassium, had been added to the bath, and 
that the embryos prospered when similar corrective additions to 
the médium had been made. 

Thèse instances no longer stand alone, for they hâve been repeat- 
edly paralleled;^ but the cases first described remain fair t)rpes 
of the class. Whether we do well to use the terms "toxic" and 
"antitoxic" in this connection may be questioned, and dépends 
upon what theory we adopt to account for the facts. The termi- 
nology has been criticised by Howell/ and recently by Osbome.* 
When it is said that a certain sait by itself is toxic, the meaning 
seems often to be merely that it is insufficient, and to say that a 
second sait is antitoxic to the first implies little more than the thought 
that it supplies some need of the tissue not met by the other. But 
we may keep the picturesque and convenient expressions without 
being dogmatic as regards their application. 

In a récent paper^ the authors dealt with the action of lithium 
upon skeletal muscle. The experiments recorded at that time gave 
ground for the belief that lithium-chloride solutions are among 
the least harmful to which the muscle may be exposed, and that 
such solutions préserve the tissue very nearly as well as the usual 

^ReodTed far pabUcatioa Deœmbcr 14, 1905. 
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"physiological" mixtures. At the conclusion of that paper we 
questioned whether it might not be possible to find a mixture of 
lithium chloride with some other sait which should still more closely 
approach the normal fluid in its conserving properties. When 
we expressed this hope, we had already made some tentative experi- 
ments with suggestive results. Thèse we hâve since repeated and 
extended, and our observations may now be outlined. 

Some time ago we investigated the duration of irritability and 
the working capacity of muscles immersed in solutions of magné- 
sium chloride. We found that the loss of excitability is rapid, 
and that two or three hours in such a bath makes the gastrocne- 
mius unresponsive to the strongest stimulation. Thus solutions of 
magnésium chloride alone are distinctly unfavorable to the muscle 
protoplasm. However, we were led to test mixtures of the chlo- 
rides of lithium and magnésium (with the former in large excess), 
and to compare the records written by muscles treated with thèse 
mixtures with those obtained from companion muscles in lithium 
chloride alone. It seemed not imlikely that thèse combinations 
might prove somewhat superior to the straight lithium chloride, 
as well as vastly better than the unmixed magnésium chloride. In 
the current phraseology we looked for an antitoxic action on the 
part of magnésium. 

The spécifie influence of magnésium salts upon various living 
tissues has not been sufficiently investigated. At the time of this 
writing* there has appeared the first of a promised séries of papers 
by Meltzer and Auer,' which will doubtless make much new and 
exact information available. As thèse writers point out, the con- 
spicuous property of magnésium salts in large quantity is a depres- 
sing or paralyzing one, and they suggest that the physiological rôle 
of thèse salts, which are somewhat abundant in animal cells and 
fluids, is inhibitory. If this is the case, there is a doser relation- 
ship between magnésium and potassium than between magnésium 
and calcium. It should be easy to define the comparative effects 
and the antagonisms of thèse salts by expcriments with plain and 
cardiac muscle, and we hâve undertaken work along thèse Unes. 

In the présent contribution we shall confine ourselves to the 

^Novembcr, 1905. 
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effect upon skeletal muscle of various mixtures in which the chlo- 
rides of lithium and magnésium were the principal ingrédients.'*' 

When a muscle is exposed to a bath, there are at least three ways 
in which we may estimate the eflfects of the immersion. First, 
we may simply find out the duration of its irritability, noting when 
in the course of hours or days it ceases to respond to strong stimuli; 
in this case we should apply shocks only occasionally, and the muscle 
would not hâve performed much work. Second, we may exhaust 
the muscle by severe and repeated stimulation after a longer or 
shorter period in the bath, and thus obtain a rough measure of its 
working capacity. For this purpose a work-adder may be used, 
or the area of the record traced on a slowly moving surface may 
be noted. Third, we may détermine the irritability of the immersed 
muscle from time to time by varjdng the strength of the stimuli 
and recording the position of the secondary coil corresponding 
to maximal and minimal responses. We kept ail three points in 
view, but placed emphasis upon the second — the total performance 
of the muscles when stimulated strongly and frequently. Some- 
times a thousand contractions went to form a record. 

Ail our experiments were comparative. We used companion 
muscles from the right and left legs of frogs, so that we might hâve 
controls which at the outset should be practically identical with 
their fellows in potential energy and irritability. The muscles 
worked upon equal levers similarly adjusted and weighted. The 
stimulating current passed through both préparations, traversing 
each lengthwise and being led from one to the other by a flexible 
bit of metallic tinsel. In most of the experiments the shocks were 
derived from a cog-wheel intemipter driven by clock-work. Break- 
shocks alone were brought to bear on the tissue, the makes being 
eliminated by a mechanical device. The stimuli were applied 
from 30 to 60 times per minute. Usually the stimulation was supra- 
maximal, and thë muscles were out of the solutions when working, 
so that there could be no scattering of the current. They were 
frequently washed during their prolonged séries of contraction 
The solutions were made from salts of high purity and tested as 

^Sooaedmcs the fhloridw of calduin and potaanum were alao preeeot Sn the anaU peroentaflet of a 
Rinfer's mixture. Their présence did not affect the fencral nature of the resuhs, and it b needleaa to 
dwcn upon the minor modifiratirmi whidi they probably brou^t aboot. 
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to the freezing-point. By this meanis we were able to use média 
which had a uniform osmotic pressure appropriate to the frog's 
tissues. The value A varied Uttle from 0.50®. 

Âbout thirty experiments of a reasonably consonant character 
yield data on which the foUowing conclusions are based. The 
order and duration of the différent trials were purposely contrasted 
as far as possible. Sometimes the immersions were measured in 
minutes, sometimes in days. When low températures were main- 
tained, it was found possible to keep préparations for nearly a week 
in extrême instances. 

Skeletal muscles are better preserved by a proper mixture of 
lithium and magnésium chlorides than by lithium chloride alone. 
It is naturally difficult to fix upon the optimum ratio between the 
two chlorides. Seven parts by volume of lithium-chloride solution 
to one part of magnésium chloride is a highly favorable propor- 
tion. If we increase the magnésium much above this fraction, 
it shows its influence in lowering the irritability of the muscle. 

The mixtures favor a maximal performance of work by muscles 
whether the exposure has been short or long. This is apparently 
not true unless the stimulation is amply strong, for the irritability 
of the muscle is probably somewhat depressed in the présence of 
even a small quantity of magnésium salts. Closely connected 
with this is the fact that the earlier contractions of the muscle in 
straight lithium chloride may exceed those of the companion in 
lithium-magnésium mixture, yet the latter outdoes the former be- 
cause it outlasts it. This seems to us a very significant fact; per- 
haps we hâve hère the key to the bénéficiai working of magnésium. 
It may be conceived to hâve the action of economizing the 
metabolism, of preventing a wasteful expenditure of substance 
and energy in the muscle-ceUs. We hâve noticed that it lessens 
contracture in fatigued muscles. This is thoroughly in harmony 
with the broad statements of Meltzer and Âuer, whose work was not 
known to us when we were first led to thèse opinions. 

We believe, then, that magnesiupi in small quantities is a con- 
serving élément in contractile tissue. We may again question 
whether it is best to designate this action as antitoxic, though there 
is a marked similarity between our experiments and those upon 
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eggs and larvae, in which the antagonism of ions bas been made 
apparent. It is not necessary to assume that there is any peculiar 
power of mutual neutralization in lithium and magnésium. We 
may reasonably suppose that the plain lithium-chloride bath is 
not of the most favorable nature, because the metabolism of the 
muscle immersed in it is not of the most economical character. 
An admixture of magnésium chloride secures econoiny and a better 
direction of the energy set free. But an excess of magnésium chlo- 
ride is naturally unfavorable, because the same action carried farther 
must resuit in depressed exdtability. 

It seems to us a legitimate expectation that many other cases 
in which mixtures of two salts hâve proved superior to either by 
itself may be explained in equally simple ways. 
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EXPERIMENTS WITH BACTERIAL ENZYMES.* 

Edwin O. Jordan. 

IimODUCTORY. 

Techniqxte. 

Conditions of Gelatinase Formation. 

Composition of Médium. 

Reaction of Médium. 
Physical Characters. 

Résistance of Gelatinase to Heat. 

Flltration. 
Conditions of Activity. 

Reaction of Médium. 

Température. 
The Action of Formaun ttpon Liquefied Gelatin. 

The Relation Between Bacterial Gelatinases and Bacterial Hemolysins. 
summary and conclusions. 

INTRODUCTORY. 

It was first shown in 1886 by Bitter' that the liquéfaction of gelatin 
by bacteria dépends upon enzyme action. Rietsch,* Senger,* 
Jerosch/ Stemberg,' Krabbe,^ and others confirmed and somewhat 
extended Bitter's observations, and in 1890-92 Fermi^ published 
comprehensive investigations upon the properties of gelatin-liquçfying 
and other bacterial enzymes. 

The power of bacterial filtrâtes to liquefy gelatin is a more or less 
independent quality. It is true that varions experimenters hâve not 
distinguished between the gelatin-liquefying ferments and other "pro- 
teolytic " enz]rmeS| and hâve openly or tacitly assumed that gelatino- 
lytic ability is a measure of gênerai proteolytic power. Malfitano,^ 
however, has shown that the albuminolytic and gelatinolytic proper- 
ties of anthrax filtrâtes are really distinct and should not be con- 
founded. This writer states that it is possible to weaken or even 
destroy the albuminolytic power of an anthrax filtrate without 

* ReœÎTed for pnUicalkm January a, 1906. 

> Areh. /. Hyg^ 1886, 5, p. 945. * Bammgartm*s Jak^., 1887, 3* p. 104. 

■ Jom. éê pharm. a éê ekimk, 1887, x6, p. 8. * Ibid^ p. 363. 

* Baumgoften's Jakrb.^ 1887, 3« p. 104. * Jakrb. wisâ. Bot.^ i8qo, ai, p. sao. 
' Ctniralbl. /. Bakt,^ i8qo, 7, p. 469; ibii^ 1891, 10, p. 401; «Mtf., 189a, xa, p. 7x3. 

* C^mfi. ftmL ée to Sce, éê Bid., 1903, 55* p. 843. 
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materially attenuating its gelatinolytic power. As a matter of fact, 
Rietsch' in 1887 caUed attention to the existence of at least two 
dfferent proteolytic ferments, and Fenni' in 189 1 pointed out that 
the action of the bacterial ferments upon fibrin and egg albumin was 
relatively feeble and was not correlated with their action upon gela- 
tin.^ Pollak has recently stated that sérum digestion and gelatin 
digestion by trypsin solutions dépend upon the action of two différent 
ferments. There is reason, therefore, for considering the gelatinases^ 
as a definite class of bacterial proteases. Âccording to Mavrojannis,^ 
two kinds of gelatinases occur: (i) those that décompose gelatin 
with the formation of gelatoses, and (2) those that push décomposi- 
tion as far as the formation of gelatin peptones and perhaps beyond. 
As will be shown presently, however, it is doubtful if this distinction 
can be maintained. 

TECHNIQUE. 

In the work hère described, a imiform procédure has been followed 
in testing the gelatinolytic action of bacterial filtrâtes and cultures. 
Five ce. of neutral carbol gelatin (8.0 per cent gelatin; o. 25 per cent 
phénol) has been used as the standard quantity to be subjected to 
enzymic action; a measured quantity of the enzyme-containing fiuid 
is added to this while the gelatin is warm (35^-40^) ; the control tubes 
are diluted with o . 85 per cent NaCl solution correspondingly ; en- 
zyme and gelatin are thoroughly mixed by shaking, and incubation at 
36^-37® for 20 hours foUows. The tubes are then cooled in ice-water 
for 1 5 minutes, af ter which they are removed and allowed to stand at 
room température for 15 minutes, when the extentof solidification is 
recorded. In case the action of the enzyme is complète, the contents 
of each tube remain entirely liquid. I hâve termed the smallest 
amount necessary to produce complète liquéfaction imder the condi- 
tions specified the minimum lytic dose. If the action is only partial 
the lower half or two-thirds of the gelatin may solidify, or the whole 
mass may be semi-solid. Control tubes incubated for a similar 
period show complète solidification without a trace of tremor on 

■ Loc* eii^ p. IX. 

• CmiratbL /. Bakt^ iSçx, xo. p. 401. 

s BeOrâge i. dum. Pkytioi, u. Palhal.^ 1904, 6, p. 95. 
4 PoUak uMt the term "glutinaMS ." 

* Zttehr, /. Hyg^ 1903, 45, p. xo8; C^mpt. r$md. ée to Soc. de Bid, 1903, S5* P* 1605. 
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shaking.'*' The reactions given for the nutrient média are based on 
the phenolphthalein neutral point. 

CONDITIONS OF GELATINASE FORMATION. 

ComposUion of médium. — One inqniry of obvions theoretical 
interest is whether gelatînase is fonned more abimdantly in gelatin- 
containing média than in média in which no gelatin is présent. 
Lauder Brunton and Macfadyen,' as the resuit of their studies, con- 
duded that ''an enzyme is formed in méat broth which liquéfies gela- 
tin, and does so more surely and quickly than the enzyme foimed in 
gelatin itself." Fermi,' on the other hand, found that in gênerai the 
enzyme production in broth was less abimdant than in nutrient gela- 
tin. Recently Abbott and Gildersleeve^ hâve stated that in their 
observations "the enzyme content of completely liquefied gelatin cul- 
tures was always marked, and was in gênerai more marked for ail 
spedes than was the case with any of the other culture média used." 
Thèse authors attach importance to this finding as tending to support 
the doctrine of the over-production by the cell of particular réceptive 
atom groups. In this sensé the présence of gelatin in the culture 
médium would be expected to cause a more active élaboration of gelat- 
inase. The influence of gelatin is hence regarded by Abbott and 
Gildersleeve as '' stimulating bacteria to the active production of 
Uquefying enzymes." 

My results do not show that gelatinase production in nutrient 
gelatin always outstrips or exceeds the production in nutrient broth. 
The following table illustrâtes the conditicms observed in a séries of 
tests. 

The table shows: (i) that some cultures develop gelatinase more 
quickly and abundantly in nutrient broth than in nutrient gelatin 
prepared from the same lot of broth; (2) that other organisms pro- 
duce more gelatinase in nutrient gelatin than in nutrient broth; (3) 
that in other cases there is little différence. In one instance {B. 

^ Somcwhat aimiUr methods hâve been employed by Fermi, Malfitano and others. Fenni {Arch, /. 
Hyg.t IQ06, 55, p. 140) bas recently ezpreased a p r éf é r ence for the use of aolid gektin in place of flidd 
gektin as a means of testing the action of theae enzymes, but the disadyantages of bis method seem to me 
Sreater than those of the one hece described. I bave not found it difficult to obtain comparable resuht 
wben attention is paid to detaib of mizing, température, etc. Some of the expérimenta I bave made 
could hardly be cairied out by the use of soUd gdatin. 

s Froc. Rûy. Soc^ 1889, 46. p. 54a* * -^mt. Med. Rês.^ 1903, 10, p. 4a. 

• Centralbl. /. BakL, 1891, xo, p. 40X. 
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/ 
subtUis) cultures incubated at 37 . 5^ gave more abundant production of 

gelatinase in broth than in gelatin, whiie cultures kept at 20^ showed 
just the reverse. B. subtUis cultures în broth at 37.5® developed the 
enzyme earlier than those at 20^, while B. promeus cultures gave a 
larger amount of enzyme at 20® than at 37 . 5°. It is plainly incorrect 
to compare the enzyme content of the liquefied gelatin produced at 
room température with that of a whole âask of gelatin incubated at 
37^. On the same ground, a comparison of broth and gelatin cultures 
at 20^ is open to objection. Sometimes old gelatin cultures are con- 
siderably more potent than the corresponding broth cultures, but this 
is not invariably true. (Table I, B. pyocyaneus^ 59 days ; B. prodigiosuSf 
39 days.) This seems in some cases to be due to the loss of the origi- 
nal strength of the broth culture (cf. B. amyhruber). Whether the 
différence dépends upon an unequal rate of disappearance of the 
enz3rme in the two média or whether gelatinase production continues 
in some cases in the gelatin culture after ceasing in the broth is uncer- 
tain. 

The failure of the présence of gelatin to provoke the formation of 
gelatinase does not seem to be pecuUar to bacterial cultures. Mal- 
fitano,' in working with AspergiUus niger, found that the kind of 
enzyme produced by this mold did not dépend upon the présence of 
gelatin or upon the nature of the médium, except in so far as this infiu- 
enced the gênerai development of the mycélium. And Butkewitsch* 
States that although peptone hinders the action of the gelatinase 
formed by AspergiUus and Pénicillium^ this enz3ane is produced 
abundantly in a médium containing peptone. 

Particular interest attaches to the question of gelatinase production 
in non-proteid média. Fermi^ averred that most bacteria formed no 
enzymes upon proteid-free média, only B. pyocyaneus and B. prodi- 
giosus — among those tested by him — giving positive results. Fermi 
does not specify the média employed further than to state that his 
experiments were made "auf Phosphor-Ammonium-Nàhrsalzen mit 
Zusatz von Zucker oder Glycerin." The microbes mentioned above 
were said to produce their enz]rmes only in the média containing 
glycerin, not in those with sugar. Katz,^ on the other hand, was 
unable to confirm Fermi's observation that B. megcUherium did not 

< Atm. éê rina. Post., 1890, 14, p. 60. ' Ctniralbl, /. Bakt^ 1891, xo, p. 405. 

' Jokr^ wisf. Bct^ 1903, 38» Pk X47' * Jakrb, wisâ, Bel^ 1898, 31, p. $99, 
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produce any enzyme upon a médium œntaining glycerin without 
peptone. More reœntly Abbott and Gildersleeve* hâve expressed 
the same conviction as Fennî regarding the production of proteolytic 
enzymes in non-proteid média. They state that in their experimeots 
the minimum évidence of digestion was given by filtrâtes from non- 
proteid culture média. Détails of thèse experiments are not recorded. 
Experiments made by me show that imder proper conditions a 
large amoimt of gelatinase is formed by some bacteria in non-proteid 
média. The following solutions were employed. 

Am Asparagîn o.ag. 

NaaHP04 0.2 

HaO (ledistilled) . . . 100. o ce. 

In this very simple médium B. subtUis grows well and produces gelat- 
inase slowly, but so abundantly that o . 3 ce. of the filtrate of a 90 day 
culture at 20^, o . i ce. of a 120 day cultiu^e, and 0.05 ce of a 150 day 
culture brought about complète liquéfaction of the standard amoimt 
of gelatin (p. 125). The use of the same médium plus magnésium 
sulphate 

Bm As|>anigin o . 2g. 

NaaHP04 o.i 

MgS04 o.i 

HaO (redi^tîUed) 100. o ce. 

gave very similar residts, but the substitution of a potassium for the 
sodiiun sait 

C Asparagin o . 2g. 

KaHPO o.i 

MgS04 . o.i 

HaO (redistilled) loo.oe.e. 

led to a négative result, as shown by tests made with o . 5 ce of the 
filtrate of a 150 day cidture. 



D, Asparagin 

NaaHP04 . . 
MgS04 . . 
Dextrose . . 
H.O (redistUled) 



0.2 g. E. Asparagin 0.2 g. 

o.i NaaHP04 .... o.i 

o.i MgS04 o.i 

i.o Lactose i.o 

100. o e.e. HaO (redistilled) 100. o e.e. 



The addition of dextrose had little effect in increasing the gelat- 
inase production in the organisms studied, B. subtUis in fact yiclding 
much less in D than in A. 



*Loe, cit 
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Momiuii Lmc Dosz, B, snHUis. 



Age of CaHure 


A 


D 


60 davBx 


O.S C.C + 

0.3 + 

O.I + 

0.0s + 


o.s C.C 


«S •*^. !. .!:.. 


o.s 


lao " 


0.3 + 


ICO " 


0.3 + 


^Sr" •••••••*•••••• 





Lactose, on the other hand, is distinctly favorable to the formation of 
the enzyme. 

Mmnnni Lyxic Doss. 





Ageof Calture 


D 


s 


B.ttibiaù 


xao " 

60 " 
lao ** 


0. s ce 
0.5 

0.3 + 

o.s 
0.5 


0.10CC+ 
0.0s + 
0.01 + 

o.s + 
0.3 + 



The addition of glycerin (2 . o per cent) to C did not give as a rule 
quite as strongly lytic filtrâtes as lactose, but the différence was not 
as great as that between lactose and dextrose. 

In the lactose médium, E, the M. L. D. was determined as follows : 



B.sàbtUis. 



B. fucksiuuî 

B. fiyocfomems . . . 
B. prodigiùsus . . . 
B. mbtr mdieus. . 

B. proUus 

Sp. MHchmiktnni. 



Sp. ckolerat 



30 di 


T 


lao ' 




lia ' 




I90 




270 ' 




lia 




lia 




lao 




ISO 




150 





o. X ce 
0.01 • 
x.ot 

0.3 

O.OI 

O.I 

x.ot 

0.3 

O.I 

o.st 



* TUs was mocc ttiancly lytic tfaan any broth or gdadn culture of this organiun obscrved in the 
course of any ezperiment. 

f This amount produœd ooly partial liquéfaction. 

Thèse observations show that in relatively simple synthetic média 
certain bacteria can produce large amounts of gelatinase, amounts in 
f act that are quite as great as those produced in broth or gelatin média. 
This is true, however, as a rule only when growth continues for a long 
period. The latter fact probably explains the failure of observers to 
discover the occurrence and extent of enz3rme formation in non-proteid 
média. 

Réaction 0} médium. — ^The influence of the reaction of the cul- 
ture mediiun upon enzyme production is advantageously studied in 
the case of such an organism as B. pyocyaneus. As is well known, 



EXFESIMENTS WITH BaCTESIAL EnZYMES I3I 

this bacillus is an active alkali-fonner. The reaction of neutral broth 
inoculated with B, pyocyaneus becomes speedily alkalinei while gela- 
tin inoculated at the same time becomes acid» owing to the addigenic 
action of the gelatinolytic enzyme. The two cultures accordingly 
diverge in their reaction. Enz3rme formation, however, occurs in 
both média and apparently takes place to about the same extent 
in each. Parallel cultures of B. pyocyaneus in broth and gelatin 
reacted as follows after 24 days at 36^: gelatin 4.0 per cent acid; 
broth 0.5 per cent alkaline. One-tenth ce. of filtrate from e^uJi 
culture gave complète liquéfaction; o.oi ce. was négative fqr the 
broth culture, but the same amoimt of the gelatin filtrate prdduced 
a slight softening. In another gelatin culture, 26 d^ys old at 20^, 
alkali formation had almost completely neutralized the acids arising 
from the gelatin splitting, and the filtrate in this case reacted neutral 
to phenolphthalein. The gelatinolytic potency of this filtrate, how- 
ever, was almost exactly the same as in the instance just dted, viz. : 

*o.i ce + 

0.05 ; , ± 

0.03 - 

O.OI o 

*Iii ail the tables the foUowing dlgiie are uaed: +* complète Uquefactioii; ±-> partial liquéfaction 
— «gdatin poticeahly softened; o^perfectly aolid, likc oontroL 

In another case a culture of B. pyocyaneus in broth was compared 
with a control culture in gelatin with the f ollowing resuit : 

FOtTY-BIGBT HOUBS AT 37". 





Broth (+o.a%) 


Gdatin (+0.5%) 


0. 5 ce, 


+ 
+ 




+ 


0.3 


+ 


o.i 









Nike Days at 37*. 



0.05 
0.03 

O.OI 

0.005 
0.003 



ce. 




Gdatin (+2.5%) 



+ 
+ 



It is évident from thèse and many other observations of the writer 
in respect to varying reactions among gelatinolytic filtrâtes that the 
production of a gelatin-liquefying enzyme is not very dépendent upon 
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the reaction of the cxilture médium. It is probable that the reaction 
is of importance only in so far as it influences the gênerai conditions 
of growth of the microorganism. The facts to be adduced presently 
conceming tlie conditions under which the enzymes manifest their 
activity tend to support this view. 

PHYSICAL CHARACTERS. 

Résistance of gekUinases to heat. — ^The statements of authors aie 
not in harmony on this point. Fermi' found that the gelatinoljrtic 
enzymes were destroyed at relatively low températures: the majority 
of those tested by him were rendered inactive at So°-ss® C, and ail 
were destroyed at yo^C. Abbott and Gildersleeve,' on the other 
hand, observed a surprising heat résistance on the part of the proteo- 
lyitc enzymes elaborated by certain spedes, and asserted that some 
were even '^ capable of exhibiting their characteristic function after 
exposure in the moist state to a température of 100^ C. for 15 to 30 
minutes." Hata^ also déclares that the enzymes of B. prodigiosus 
and B. fluorescens liq, resist high températures. None of thèse 
authors hâve given definite data conceming the amount and strength 
of the enzymes employed in their experiments. 

The varying results obtained in some of my earlier work gave rise 
to the suspicion that différences in the reaction of the médium in 
which the enzyme was contained were responsible, at least in part, for 
the divergent statements. It has been pointed out elsewhere in this 
paper that the reaction of the cidture médium is often profoundly 
affected by bacterial growth, that gelatin cultures of liquefying spedes 
are more acid than the corresponding broth cultures, and that the 
reaction varies according to the particular stage of growth and enzyme 
action at which it is tested. The influence of the reaction of the 
mediiun (présence of H or OH ions) upon the thermal death-point of 
the enzyme is shown in the experiments which follow. It is unneces- 
sary further to multiply such instances. In almost every case tested 
it was found that increasing the acidity of the enzyme-contaîning 
fluid raised the ^' heat résistance" of the enzyme, while adding to 
the alkalinity lowered it. In one case the M. L. D. of an enzyme 
(o.oi ce, B. prodigiosus) was not affected by boiling for 15 minutes 

« CttUralbi. /. Baki^ 1891, 10. p. 40X< ' Ctniralbl. /. Bakt., 1904, Réf. 34, p. aoS. 

' Jânr, Med. Res.t 1903, 5, p. 4a. 
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in a 5 per œnt acid médium, while in a neutral solution 50 M. L. 
D. were completely destroyed. That add and alkali are not the 
only substances whose présence must affect the " beat résistance " of 



EXPERIMENT. 
BiOTH CULTUKB B, froUgiosus. 

UKHKATCD. 



Amt. of Culture c. c 



o.a. . 

O.I.. 

0.06. 
0.03. 
o.oi. 



a. 5% Add 



+ 
+ 
+ 
+ 
+ 



1% Add 
Ong.React. 



+ 
+ 
+ 
+ 
± 



Neutnd 



+ 
+ 
+ 
+ 

o 



a. 5% Alk*- 
tane 



+ 
+ 
+ 
+ 

o 



HKATED 7a« POB I BOUS.^ 



o.a 


+ 
+ 
+ 

± 



+ 

± 















o.i 





0.06 





0.03 





o.oi 










*In eacli caie a ce. of culture or filtrate wu placed inaaeded tube and immcned in awctaHMUh. 

EXPERIMENT. 
BiOTB CULTUSX B, pyoeyameus. 

UNHXATXD. 



Amt. of Culture ce. 


3% Add 


(Jrjfmal 


Neutrml 


o.ao 


+ 
+ 

+ 
+ 




+ 
+ 

+ 
+ 




+ 


0.08 


+ 


0.06 


+ 


0.04 


+ 


0.0a 











ro 70^ vos 30 






BKATKD 1 







o.ao. 
0.08. 
0.06. 
0.04. 
0.0a. 



+ o 

+ o 

+ o 

± o 

— o 



o 
o 
o 
o 
o 



an enzyme is obvious. In some cases a neutral broth culture was 
found to resist heating better than a neutral gelatin culture, that is, 
2 M. L. D. of the gelatin culture were destroyed at a lower tempéra- 
ture. Âmong the great variety of substances produced by bacteria, 
there must be many whose présence affects the stability of the enzyme 
when beat is applied. Any accurate détermination of the beat résist- 
ance of bacterial enzymes is hardly possible when the enzymes are 
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heated in tfae cultures in which they are produced, and even 
theen^mes are separatedout as far as possible, there rem; 
sible source of eiror in the adhèrent impurities. 

FUtration 0/ gelatinase. — Levy' bas shown that certain 
rennet, for example, are retained by the Berkefeld and Chaml 
bougies, while others pass tbrough thèse âlters. A few c: 
bave been made to détermine how fai gelatinase is removcd by" 
tion. A 31 day culture of B, pyocyaneus, grown at 37° and reacting 
0.9 per cent alk. was filtered at 20°C. with the followiag resuit: 






Unffltmd 


&SB£ 




+ 
± 

















Another trial with a différent culture of B. pyocyaneus was as 
follows: 





Unfitatïd 




^'uttîSïï' 




+ 
+ 
+ 


+ 





















Several successive passées throu^ a Berkefeld bougie did not 
remove the gelatinase. 





UDfiHcnd 


BUEinLD Bovou. tioœ.Xism. 




>F1ItrUiaiii 


4ri1nuku 


«.«ce 


î 


± 


+ 







A similar resuit was obtaîned with B. subtilis. (Broth culture, 
Sdays.) 





UDËlLend 


ô^°fi^2«' 




t 





















' Jfm. tm/Kt. Dit^ i«aï, », p. i. 
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In respect to passage through the Berkefeld bougie, therefore, the 
bacterial gelatinases agrée with ptyalin and taka-diastase rather than 
wîth rennet (cf. Levy, op. cit.). 

CONDITIONS OF ENZYME ACTIVITY. 

Réaction — It is well known that the acid or alkaline reaction of 
the médium in which an enzyme is présent often exercises great 
influence upon the activîty of the enzyme. As regards the parti- 
cular enzyme under considération, it seems to hâve been generally 
assumed that the gelatin-liquefying enzymes produced by bacteria 
were most potent in an alkaline médium. Thus Abbott and Gilder- 
sleeve' state: 

As is the case for the majority of proteolytic enzymes, be t)i^ir origin wha 
it may, we find oiir filtrâtes to be uniformly more active when they are of alkaline 
than of neutral or add réaction. When addified they are as a nile inactive. In a 
simlar manner their production by the growing organism is always more marked in 
alkaline than in either neutral or add média, even though the latter is not suffident 
to depress growth to any marked extent. 

Further détails are not given in their paper. 

The statement that gelatinase production is more marked in alka- 
line than in neutral or acid média, evidently needs some qualification 
in view of the facts set forth in another part of this paper (p. 130). 
It by no means foUows that the initial reaction of the culture médium 
represents the conditions under which the enzjrme is produced. A 
gelatin culture and a broth culture of a liquef)ring spedes diverge in 
respect to reaction from the moment growth begins to take place, the 
gelatin culture invariably becoming more acid. 

The f act that gelatin liquefied by enzyme action has a strongly acid 
reaction seems to hâve been generally overlooked by bacteriologists.* 
The products of gelatin digestion comprise glycocoU, aspartic add, 
and glutaminic adds, and other add substances. When, therefore, 
any one of the bacterial gelatinases, or, for that matter, Grtibler's 
pancreatin, is added to gelatin, the substances produced by the enzyme 
action impart a strongly add reaction to the liquefied mass. In most 
liquefied gelatin cultures of bacteria the reaction ranges as high as 
2.0 per cent to 3 .0 per cent acid to phenolphthalein, and in some cases 
it is over 4.0 per cent. By the very conditions of its action, then, a 

' Loc. cU^ p. 47. 
* I bave diflcuaaed thJs diewfaere, Sdemet^ February 9, xgo6, p. aao. 
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bacterial gelatinase must exercise its effect almost exclusively in an 
add médium. 

The change in the reaction of the médium, as might be expected, 
is not confined to the liquefied gelatin, but is communicated by diffu- 
sion to the yet unliquefied portions. 

EXPERIMENT. 

Two hundred ce. of 10 per cent nutrient gelatin (neutral) were placed in 600 ce* 

flasks. Thèse were inoculated on one side and the flasks tipped se that liquéfaction 

took place in only one-half. After incubation at 20® C. for four days the liquefied 

gelatin was drawn off and the reaction of this and of the unliquefied portion determined. 

B. amyloruber. 

Liauefied gelatin i . 8% acid 

Sohd gelatin 0.7 " 

B. subtilis, 

Liauefied gelatin a. 9% acid 

Gelatin removed from directly under liquefied area . .0.9 " 

Gelatin taken 3 cm. from liquefied région 0.6 " 

Gelatin from opposite side of flask 0.4 " 

Perhaps one reason why the standardization of nutrient gelatin for 
plate cultures has not been so successful as could be desired is because 
after growth begins altérations in reaction occur in varying degrees 
according to the relative abundance or scarcity of liquefying species. 

It foUows, too, that the reactions produced by bacteria in ordinary 
broth are dépendent, not only upon the présence of sugar, but to a 
degree upon the amount of gelatin and similar substances in the 
médium. 

EXPERIMENT. 

Neutral gelatin was inoculated with B. pyocyaneus and the filtrate was found 
after four days at 37^ C. to be i .8 per cent add. The action of the filtrate (18 hrs.) 
upon carbol gelatin of différent degrees of alkalinity was as follows: 



Amount or Filtiati 



1.8% Add— 
0.5 ce 

0.3 

O.I 

0.05 

0.03 

a% aL. with W/V NÂOH— 
0.5 ce. 

0.3 

O.I 

0.0s 

0.03 

O.OI 



Cabbol Gelât» 



0.7% Add 



+ 
+ 
+ 
+ 
± 
o 

+ 
+ 



Neutral 



+ 
+ 
+ 
± 



± 
± 
± 

o 
o 



0.7% Alk. 



+ 
+ 



o 
o 

± 
± 

o 
o 
o 
o 
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The particular question as to the effect of the initial reaction of 
the médium upon enzyme production was thus answered in a some- 
what unexpected manner. 

This exj)eriment was repeated with another lot of carbol gelatin, 
0.6 per cent acid, neutral, and 0.5 per cent alkaline respectîvely, 
with the same resuit, namely, the acid and neutral gelatins were more 
quickly affected by the enzyme than the alkaline gelatin. A com- 
parison of B. pyocyaneus gelatinase and Griibler's pancreatin (5 per 
cent solution in distilled water) resulted as foUows: 

EXPERIMENT. 



AmOUKI or CULTUKB 



3. Pyoeyù\ 
0.3 ce 

o.x 

0.05 

0.03 

Panmatin solution — 

0.03 ce 

O.OI 

0.005 

0.003 

o.oox 



Casbol Gilatin 



0.8% Add 



+ 



+ 
+ 

o 
o 



Neutnl 



+ 
+ 



+ 
+ 
± 



0.8% AlkaUiie 



+ 

o 
o 
o 

+ 
+ 
± 



The gelatinases produced by B. amyloruber and 5^. Finkler-Prior 
behaved as foUows: 



EXPERIMENT. 



AmOUMT or FlLTlATI 



B. amyhmbtr — 

0.3 ce 

o.i 

0.05 .... 

0.03 .... 

O.OI 

Sp.FmkUr 
0.30 ce. 
o.xo 
0.05 
0.03 

O.OI 



Casbol Gelatin 



x%'Acîd 



+ 
± 
± 



+ 
± 

o 
o 



Nentral 



+ 
+ 
+ 
± 



+ 
+ 
+ 
± 



1% Alkaline 



+ 
+ 
± 



+ 

+ 
+ 
+ 



Further experiments with gelatin of a wider range of acidity and 
alkalinity gave the foUowing results: 
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experiment. 



A»™,o, 


CaUOI, GlLATDI 




J%Add 


)%Acid 


lîlAdd 


Neutnl 


,%Alk. 


J%Aft. 


Sf.'pinUti-i'Ho^ 
o.j te. 

Il» '-'.'.'.'." 

= j«-=- 

0-04 

o.oos 






-° 


+ 

+ 
+ 

■1- 
+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 

+ 
+ 





Thèse experiments show that not ail gelatîn-liqucfying enzymes 
area Uke in respect to the conditions of their activity ; that some lîquef y 
a neutral gelatin quice as rapidly as, or even better than, a slightly 
alkaline one (B. amyloruber, B. prodigiosus); that some liquefy even 
m3re rapidly in an acid médium than ia an alkaline one (B. pyocya- 
neus); and that in one case alkaline carbol gelatin is liquefied more 
rapidly than a neutral gelatin {Sp. Finkler-Prior). Vines' has 
recently shown that the digestion of âbrin by vegetable proteases 
occurs in some cases with both acid and alkaline reaction and in 
others is limited to acid reaction. He interprets bis results as indi- 
cating the existence of two distinct vegetable proteases, one of which 
belongs to the peptases, although the "vegetable pepsin" difFers 
from animal pepsin in being able in some cases to act in an alkaline 
médium. 

I hâve already pointed out that the acid reaction developed in the 
course of gelatin digestion interfères with any strict évaluation of 
the influence of reaction upon the work of the gelatinases. For 
example, tubes of carbol gelatin with an initial reaction 2 per cent 
alkaline were liquefied in 20 houis by the enzymes of B. prodigiosus 
and S p. Finkler-Prior respectively, and both tubes then had a reaction 
of but 0.4 per cent alkaline. By the action of trypsin for 20 hours 

■ Amuli tf Btlaiif. 190), i» pp. iw-ST- 
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at 37^ C. carbol gelatin originally 0.05 per cent alkaline was made 
acidasfollows: 

5% Trypnn Sol. Carbol Gdatin 

0.003 ce 0.1% add 

0.03 i.o " 

o.i 2.3 " 

AU the bacterial gelatinases tested are able to manifest their activity 
in a médium more or less acid. It is further évident f rom the experi- 
ments cited above that the initial reaction of the gelatin is not a matter 
of indifférence, that the gelatinases derived from several bacterial 
species are not alike in this respect, and that it is certainly not true 
that an initial alkaline reaction présents in ail cases the most favorable 
conditions for the gelatinolytic process. 

Température. — The températures at which the enzymes manifest 
their maximum activity hâve been approximately determined in several 
cases. In every instance the enzymes hâve produced greater liqué- 
faction at 37.5® than at lower températures. This is true even 
when the microorganism forming the enzyme grows better at a lower 
température. A strain of 5^. Finkler-Priory for example, that grew 
well at 20® C, but refused to grow at 37° C, gave rise to an enzyme that 
liquefied more rapidly at 37® than at 20®, more rapidly at 45® than at 
37°, more rapidly at 56° than at 45®, and even at 60° liquefied better 
than at 37°, though not so well as at 56°. 

The foUowing results were obtained with a B. pyocyaneus culture 
(M. L. D. at 37° C, 20 hours was o.oi ce): 



AmOUNT or FXLTIATS 



0.1 ce 
0.08 

0.05 
0.03 
o.ox 



Onx Houx At 



30- 



o 

o 
o 



37" 



o 
o 



45" 



+ 
± 



Sf 



+ 
+ 
± 



60" 



+ 
+ 

o 

o 



Another test with a pyocyaneus gelatinase showed that, as in the 
experiment just cited, slightly more liquéfaction was produced at 45° 
than at 37°; at 65®, however, the activity of the enzyme was distinctly 
checked but not altogether inhibited. 

The gelatinase of B. prodigiosus behaved in a similar fashion (M. 
L. D. 20 hours at 37® was 0.02 ce.) : 
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^„,.™„ 


On HomAT 


37° 


45° 


se* 




+ 
+ 
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+ 
+ 





























Thèse experiments show that at least in some cases the bacterûU 
gelatinases exhibit their maximum effect at températures consider- 
ably above the optimum températures for the growth of the organism 
that produces them. The enzyme activity may even be manifested 
above the thermal dealh-point of the bacteria producing the enzyme 
(cf. pyocyaneus gclatinase at 60" — the thennal death-poînt of B. pyo- 
cyaneus is 56° — and Sp. Finkler-Prior). 

THE ACTION DP ÏORUAUN UFON LIQUEFtED GELATIN. 

MavTojannis' has called attention to what he considers an impor- 
tant fact, namely, that whîle formalîn has a solidifying action upon 
the gelatin lîquefied by certain bacteria, the gelatin liquefied by otber 
bacteria remains pennanently fluid, even when subjected to the influ- 
ence of formalin for long peiiods. Mavrojannis explains the différ- 
ence by supposing that différent stages occur in the destruction of the 
gelatin molécule, and that the kînd of enzyme that is produced by 
certain microorganisms stops short with the production of gelatoses 
(hardened by formalin), while in other cases a différent enz3'me is 
produced that continues the d^estion to the formation of gelatin- 
peptones (not hardened by formalin). In the former category are to 
be put, accordîng to Mavrojannis, St. pyog. aureus, SI. pyog. albus, 
B. anthracis, B. pyocyaneus, and Sp. ckoîerae, while in the latter 
belong Sp. Denecke, Sp. Finkler-Prior, and Sp. Metcknikovii. 

I hâve used the same metbods for hardening as those employed by 
Mavrojannis,' namely, introduction of the liquefied cultures (gelatin, 
10 per cent) into a tightly closed jar in the bottom of which is a 40 per 
cent formalin solution; the gas liberated from this solution brings 
about the hardening in a constant and uniform fashion. I hâve also 
added to 2 ce. of the lique&ed gelatin flve drops of formalin and then 
placed the tubes in the formahn jar. The outcome is about the same 

■ Zltcàf. /. Bjl-, '«B3i 41. p- lot * Of. al, p. is«. 
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in the two procédures, except that the addition of formalin accélérâtes 
the hardening process. The results may be stated briefly: 

Eight différent species hâve been tested: B. pyocyaneus (nine 
strains), B. atUhracis, B. prodigiosus^ B. subtilis, S p. cholerae^ S p. 
Finkler-PrioTy S p. Metchnikovii^ and S p. Denecke. In each case the 
results were the same. Young gelatin cultures became solid in the 
formalin jar, while older cultures of the same species remained fluid 
even af ter exposure to the formalin vapor for three months. Cultures 
grown at 20^ always solidified sooner than those of the corresponding 
âge grown at 37^. Différent strains of the same microorganism gave 
différent results. For example, the gelatin liquefied by nine strains 
of B. pyocyaneus j ail grown at 20° for 21 days, hardened in formalin 
in 24 hours in one case and in 48 hours in two cases, but was still fluid 
after three months in the other six. The gelatin liquefied by a three- 
day growth of B. prodigiosus at 20® solidified in three days, but the 
15 day growth of the same organism remained fluid at the end of 
three months. 

Mavrojannis' has even gone so far as to champion the action of 
formalin upon liquefied gelatin cultures as a means of distinguishing 
the choiera vibrio from other species. According to this writer, 5^. 
chokrae manufactures a gelatinase which is capable of digesting gela- 
tin only as far as the stage of gelatoses (solidifying in formalin), while 
S p. Metchnikoviiy S p. Denecke^ and S p. FinhUr-Prior push the de- 
composition, to the gelatin-peptone stage (permanently liquid). An 
experiment with the cultures of thèse organisms in the laboratory 
collection gave the foUowing results: 

EXPERIMENT. 
A. 

Cultures grown at 20^ for 10 days, then transferred to formalin jar; liquéfaction 

approximately the same in ail. 

Sp. Denecke Hard in 24 hours 

Sp, MetchnikcvU " " 48 " 

Sp, choUrae (Wheny, Manila) *< << 14 days 

Sp. Finkler-Prior Not hard in 106 " 

B. 

Cultures grown at 37. 5^ for 6 days, then transferred to formalin jar. 

Sp, Denecke > 

%. "SlSm^. ManiU) AU Uquid after „o day, 
Sp. Finkler-Prior ^ 

■ Jow. de pkyiid. tt Patk, gHiér. X904, 6» p. 373 
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This experiment gives no support to Mavrojannis' criterion of 
differentiation. 

The only conclusion that can be drawn from ail my observations 
on this matter is that no fundamental distinction between the di£Ferent 
bacterial gelatinases exists in the sensé alleged by Mavrojannis. 
Young gelatin cultures and those liquefied by feeble strains solidify 
when subjected to the action of formalin; the same is true of some 
cultures grown at 20^ as compared with those of the same species 
grown at 37°. On the other hand, ail the old cultures of vigorously 
liquefying strains, of whatever species, are not hardened by formalin 
action. In other words, the différence observed is simply one of degree 
and not of kind.* , 

RELATION BETWEEN BACTERIAL GELATINASES AND BACTERIAL 

HEMOLYSmS. 

The question has been raised recently as to whether the hemol)rtic 
action displayed by certain bacterial filtrâtes is not simply one mani- 
festation of their proteolytic activity. On this assumption the libéra- 
tion of the hemoglobin is regarded as due to the action of an enzyme 
upon the stroma of the erythrocytes. Abbott and Gildersleeve,* as 
the resuit of their studies, reached the conclusion that "one may as 
reasonably attribute the hemolysis exerted by thèse filtrâtes to the 
action of their proteol)rtic enzymes upon the stroma of the erythro- 
qrtes as to any other factor." Thèse authors take the liquéfaction of 
gelatin as the criterion of proteolytic action, and base their belief on 
the identity of the hemol)rtic and gelatin-liquefying properties upon 
certain gênerai analogies. Opposed to this view are the observations of 
Buxton^ and Eijckman,^ who found that the destruction of blood 
corpuscles in blood-agar does not proceed pari passu with the liqué- 
faction of gelatin. The fact that many bacteria, such as B. coliy 
B. typhosuSj and others, that are unable to liquefy gelatin can exert 
a hemol)rtic action, has been considered an additional reason for not 
identifying the gelatin-liquefying and hemolytic power of bacterial 
filtrâtes. 

> Sinœ wiitmg the abore, a paper by Tlraboschi (Atm. if igietu sptnm.^ 151, 905, p. 429; Abstr.» 
Bvtt. de rinst. Past.^ 1905, 3, p. ça a) has appeared whkh sapports this posi ti on. 

• Jour. Med, Res., 1903, 10, 4a. * CmUraM. /. Baki.t 1901, ao, p. 841. 

s Amer, Med.^ July as, 1903, p. 137. 
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The foUowing f acts constitute further and apparently incontiover- 
tiblé évidence that the hemolytic and gelatinolytic substanœs are, at 
least in a number of bacterial filtrâtes, entirely distinct. While it is 
true that the potency of gelatinase in some cases is not entirely 
destroyed by heating to loo® C. for lo to 15 minutes (B. pyocyaneus 
and B. prodigiosus)^ it is also true that heating for 30 minutes at 1 10^ C. 
destroys completely ail the power of thèse filtrâtes to liquefy gelatin^ 
but leaves absolutely intact their hemolytic power. In the second 
place, certain filtrâtes which possess marked ability to liquefy gela tin 
may be entirely devoid of hemolytic power. A single instance may 
be given. A seven-months-old culture of B. prodigiosus in asparagin- 
phosphate-sulphate-sucrose solution yielded a filtrate, 0.05 ce. of 
which liquefied a tube of gelatin completely in 16 hours at 37.5^. 
Such a solution has some osmotic action on dog corpuscles, but the 
addition of o. 4 per cent NaCl renders it isotonic, although not affect- 
ing its power to liquefy gelatin. The filtrate is then strongly gelat- 
inolytic, but has no hemolytic effect on dog or rabbit corpuscles, 
even when o . 5 ce. is used. 

Other examples may be presented in tabular form: 



(Sp. FmkUr-Friûr 
'' " " 
B. amyiofiàm 
<t II 

From 7 mo6.' old Ivoth culture — B. pyocyamtm. 



FUtTRte 



0.8 ce. 

o.i 

0.05 

o.S 



Gdadnolysb 



Nom 
*i 

Comiplete 
None 



Hemolyais (Dog 
Cor^udes) 



Comjplete 

Nome 

«I 

Vcrystrong 



It is true, then, (i) that certain hemolytic filtrâtes, heated at iio^ 
may be robbed completely of their power to liquefy gelatin without 
evincing any diminution of hemolytic power ÇB. pyocyaneus^ B. 
prodigiosus); (2) that a bacterial filtrate may possess gelatinolytic 
power without being able to produce any hemolysis whatsoever {B. 
amylaruber); (3) that a bacterial filtrate may be strongly hemolytic 
without possessing any power to liquefy gelatin. 

SUMMÂSY AND CONCLUSIONS. 

I. There is no évidence that the présence of gelatin in a culture 
médium leads to any particularly rapid or abundant production of 
the spécifie ferment acting upon the gelatin. On the contrary other 
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factors are of much greater influence than the présence of gelatin in 
determining the génération of liquefying enzymes. 

2. In simple non-proteid solutions of asparagin, lactose, and 
minerai salts (sodium phosphate and magnésium sulphate) gelatinase 
is produced by some bacterial species quite as abundantly, although 
generally not as rapidly, as in nutrient broth or gelatin. Lactose is 
more favorable than dextrose to gelatinase production. 

3. The reaction of the culture médium is, at least in some cases, 
without apparent effect upon the enzyme production except as it 
affects the conditions of bacterial growth. 

4. The heat résistance of the gelatinase, as this is determined by 
heating the ordinary fluid culture, is conditioned by a variety of influ- 
ences. One of thèse is the reaction of the mediimi. The gelatin- 
liquefying enzymes produced by a number of microorganisms endure 
heat very much better when heated in an add than in an alkaline or 
a neutral médium. The usual tests of heat résistance of bacterial 
enzymes which are made directly with the culture in which the 
enzymes are produced hâve little value. 

5. Some, at least, of the bacterial gelatinases pass through the 
Berkefeld filter without weakening. 

6. The reaction most favorable to the manifestation of gelatino- 
lytic activity is différent in différent cases. The enzymes produced 
by some species act most rapidly in a médium slightly acid to phenc^- 
phthalein, while others do best with an alkaline reaction. It can no 
longer be maintained that an initial alkaline reaction affords the opti- 
mum condition for ail bacterial proteolytic enzymes. 

7. The enzymes that hâve been experimented with act more ener- 
getically at 45^ C. than at lower températures. They may continue 
to be effective at températures as high as 60^. 

8. Some bacterial enzymes manifest their activity at températures 
considerably above the thermal death-point of the organism produ- 
dng them. 

9. The gelatin liquefied by some cultures of bacteria is hardened 
by formalin. This, however, is true chiefly in the case of young cul- 
tures, of cultures grown at room température, and of feeble strains. 
No différence, such as alleged by Mavrojannis, exists between différent 
species. The stage of liquéfaction in which formalin produces 
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hardening is simply an early stage of digestion, and is foUowed under 
favorable conditions in ail liquefying species by a state of permanent 
fluidity. 

10. The bacterial hemolysins and bacterial gelatinases are entirely 
distinct. In no case is there reason to believe that the bacterial gela- 
tinases can produce hemolysis. 
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I. PURPOSE OF THE INVESTIGATION. 

There bas been placed in the hands of the biologîst within the 
last few years a new instrument of research of the highest value. 
This is the statistical methodi first suggested for the study of human 
characteristics by Quetelet (1846), specifically applied to the bio- 
logical problems of variation and heredity by Galton (1889), and 
extended and developed in détail by Pearson and his pupils. The 
most important papers on this subject may be foimd in the files of 
the Philosophical Transactions of the Royal Society of London and 
in Biometrika. Admirable brief summaries have been prepared 
by Pearson (1900) and Bigelow (1904). 

^ Reedved for publication April 3, 1906. 
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In many fields of science the statistical method, in ils strict sensé, 
is not applicable. Where laboratory experiments may be made, as 
in most fields of physics and chemistry, a comparatively small 
array of data obtained under perfectly controUed conditions may 
permit the dérivation of laws of relationship without extensive statis- 
tical analysis. The same thing is true in certain fields of 
biological research. As soon, however, as we proceed to the subtler 
pioblems of évolution, it becomes necessary to accimiulate a large 
number of observations and to analyze them by recognized statis- 
tical methods. Thèse methods alone hâve brought order out of 
chaos in anthropology (Ripley, 1899). They hâve laid the first 
foundation for a real science of mental and social phenomena (Thom- 
dike, 1904; Woods, 1906). They offer the most promising due for 
tradng the true relationships among the lower forms of plant and 
animal life. 

As we hâve elsewhere pointed out, the classification of the bac- 
teria présents peculiar difficulties. 

Morphological distinctions are so slight that physiological characters must ne- 
cessarily be invoked in order to separate and dassify the various oi|;anisms, and thèse 
physiological characters are often variable. Pathogenidty may be taken as a type 
of those powers of the organism which are easily and profoundly modified by extemal 
conditions. On the other hand, there are numerous characters which appear to be 
extremely constant. Such minute différences as occur in the résistance of différent 
races to unfavorable conditions often remain unchanged through long periods of 
cultivation. In usîng thèse constant characters for classification we are met by another 
difficulty. Though constant, the différences are very minute, and in studying a number 
of organisms a perfect gradation is often found between the widest extrêmes. This 
is exactly what should be expected from organisms which reproduce only by asezual 
methods, since it is the fxision of independent cells which swamps minor différences 
producing the uniformity of spedes among higher plants. With asexual reproduc- 
tion every minute variation which is inheritable must persist unchanged until some 
other chance variation occurs. Each such variation means a new and différent type of 
bacterium. 

The immense number of générations which may succeed each other in a short 
space of time makes boundary lines as shifting as they would become among the higher 
plants if a dozen geological epochs were considered ail at once. 

Since with unicellular organisms acquired characters may probably be inherited 
in a higher degree than with other forms, existing races of bacteria will be markf.dly 
influenced by the sélective effect of environmental conditions, and must bear the impress 
of their récent history. 

There are, therefore, no spedes among the bacteria in quite the sensé in which we 
ordinarily use the word — as indicating a group of individuals bound together by a n\mi- 
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ber of constant characters and easily identified by mutual fertility. From one point 
of view each distinct race might be considered a species; but to apply a name for every 
grade of différence in each varying character would be impracticable; and such names 
could hâve no true spécifie value. The bcst solution of the difficulty is the establish- 
ment of certain types around which the original organisms may be more or less closely 
grouped; but it must be clearly recognized that the groups thus formed are defined by 
relation to the type at their center and are not sharply mariced ofif at their extremities 
from the other groups adjacent.' 

For thèse reasons the science of systematic bacteriology has 
remained in a notably undeveloped state. A score of laige groups 
of bacteria hâve been more or less satisfactorily recognized by Flûgge 
(1896) and others. Certain of thèse groups» like the aérobic spore- 
formers, the colon bacilli, and the diphtheria bacilli, doubtless 
represent true natural families or gênera. In one such group» that 
of the aérobic spore-formers» where appréciable morphological dif- 
férences existy the species and varieties hâve been carefully worked 
out by Chester (1904). Far too many spécifie names among the 
bacteria however, mean less than nothing. The incomplète descrip- 
tion of a vast number of identical or minutely differing forms has led 
to a confusion quite disheartening to the student of such systematic 
Works as those of Migula (1900) and Chester (1901). Among the 
Coccaceas we hâve compared the published descriptions of 445 
species and found évidence for only 31 distinct types (Winslow and 
Rogers, 1905). Thèse are defined mainly by arbitrary combina- 
tions of the three characters of acid production, chromogenesis, and 
the liquéfaction of gelatin. It is small wonder that most bacteri- 
ologists hâve abandoned any attempt at a natural classification, 
and hâve sought refuge in such f rankly arbitrary schematic group- 
ings as those of FuUer and Johnson (1899), Weston and Kendall 
(1902), and Jordan (1903). The same tendency carried to its 
extrême is shown in the décimal Systems of Gage and Phelps 
(1903), and Kendall (1903), and in the modifications recently adopted 
by the Society of American Bacteriologists. 

Thèse Systems are most valuable for a routine descriptive work, 
and for arranging and cataloguing records of cultures. They may, 
however, lead to error, unless used with due caution. In the first 
place, the déterminations on which such schemes are based are usually 
qualitative only and not quantitative. In the second place, the 

* WIM8LOW AMD R0OBI8, 1905. 
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application to ail bacteria of one fixed séries of characters arranged 
in an arbitraiy order tends to suggest a mechanical view of bacterial 
relationships which is veiy far fiom the complex truth. 

In order to obtain a just idea of the leal relations of organismsi 
it is necessary to consider each systematic group by itself. As 
Robinson has pointed ont in an admirable paper on generic classi- 
fication (Robinson, 1906), "a différence having great classificatory 
significance in one place may bc almost valueless in another." In 
studying any one group it is therefore necessary to examine afresh 
each of the varions characters used for the identification of bac- 
teria in gênerai, and to détermine its local value and significance. 
Secondly, imder each character it is necessary to détermine how 
many distinct types of structure or function may occur. This can 
be done only by measuring the character quantitatively in a large 
séries of individuals, and plotting curves of frequency which will 
show whether the individual forms fluctuate about one or several 
modes. This has been attempted by Howe (1904) with good results, 
for the composition of the gas produced in dextrose broth by organ- 
isms of the B. coli group. 

Finally, the corrélation bctween varions properties should be 
determined, since it is obvions that the présence of several distinct 
characters in association is generally of more significance in classi- 
fication than that of any one alone. 

In the présent study we hâve attempted to obtain the data indi- 
catedy for certain groups of the Coccaceae. We hâve measured the 
easily and definitely measurable, variable characters in 500 scpa- 
rately isolated races of organisms, and analyzed the data obtained, 
with two ends in view. We hâve first plotted the frequency curve 
for each character to find whether the array varies about one or sev- 
eral modes, and where the modes are situated, with some measure 
oi the extent of variation about thèse centers. In the second place, 
we hâve calculated corrélation factors for the most significant pairs 
of characters. E^ch mode on the curves of frequency may fairly 
be taken to mark a natural species or variety, and the characters 
which vary together must form the most important basis for the 
establishment of the larger groups. By such a method alone it is 
possible to locate those mountain peaks in the chain of bacterial 
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variations which rightiy deserve generic and spécifie names, although 
records of the characters of individual races by the décimal System 
are of the greatest value in mapping out intermediate régions. Only 
the statistical study of numerous individuals by comparable quan- 
titative methods can reveal the gênerai laws of natural classification 
among the bacteria; and this study must be made in each group 
with an open mind free from arbitrary prédispositions. 

We désire in advance to deprecate a comparison between the 
présent work and the numerous detailed and exact biometrical stud- 
ies which hâve appeared in other fields. In bacteriology our methods 
of measurement are crude and tedious, and the gênerai knowledge 
requisite for the sélection of a homogeneous mass of material is lack- 
ing. We should know the outlines of the gênerai groups of the 
cocci, for example, before we can properly sélect material to study 
variation in any one of them. 

II. METHODS OF THE INVESTIGATION. 
I. Isolation of Cxtltures. 

With regard to the larger groups of the Coccaceae we hâve else- 
where shown (Winslow and Rogers, 1905) that the family could 
be divided into two subfamilies and five gênera, defined as foUows: 

Subfamily i, Paracoccaceae (Winslow and Rogers): Parasites 
(thrivîng only, or best, on, or in, the animal body). Thrive well 
under anaërobic conditions. Many forms fail to grow on artifi- 
cial média; none produce abundant surface growths. Planes of 
fission generally parallel, producing pairs, or short or long chains. 

Genus i, Diplococcus (Weichselbaum) : Strict parasites. Not 
growing, or growîng very poorly, on artificial média. Cells normally 
in paies surrounded by a capsule. 

Genus 2,' Streptococcus (Billroth): Parasites (see above). Cells 
normally in short or long chains (under unfavorable cultural con- 
ditions, sometimes in pairs and small groups, never in large groups 
or packets). On agar streak effused, translucent growth, often 
with isolated colonies. In stab culture little surface growth. Sugars 
fermented with formation of acid. 

Subfamily 2, Metacoccaces (Winslow and Rogers): Facultative 
parasites or saprophytes. Thrive best under aérobic conditions. 
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Grow well on artificial média, producing abundant surface growths. 
Planes of fission often at right angles; œlls aggregated in groups, 
packets, or zoôglea masses. 

Genus 3, Micrococcus (Hallier) Cohn: Facultative parasites or 
saprophytes. Cells in plates or irregular masses (never in long 
chains or packets). Acid production variable. 

Genus 4, Sarcina (Goodsir): Saprophytes or facultative para- 
sites. Division under favorable conditions in three places, pro- 
dudng regular packets. Sugars as a rule not fermented. 

Genus 5, Ascococcus (Cohn): Generally saprophytic and cells 
imbedded in large, irregularly lobed masses of zoôglea, in process 
of carbohydrates. Acid usually formed. 

In the présent investigation we hâve included représentatives 
of only three of thèse gênera. The organisms bclonging to the genus 
Diplococcus do not lend themselves to comparative study on account 
of the difficulty with which they may be cultivated, and représenta- 
tives of the genus Ascococcus occur, if at ail, only in certain peculiar 
habitats. We hâve limited our study to forms which can be found 
in ordinary environments, and which may be cultivated on ordinary 
laboratory média; that is, to the gênera StreptococcuSj Micrococcus ^ 
and Sarcina. 

We hâve procured our cidtures in approximately equal propor- 
tions from five différent sources: from the internai tissues of the dis- 
eased human body, from the outer surfaces of the normal human 
body, from water, from earth, and from air. Cultures classed under 
Habitat I, the tissues of the diseased body, were obtained chiefly 
from the Boston City Hospital, and the Massachusetts General 
Hospital, of Boston, and the Johns Hopkins Hospital, of Baltimore. 
We désire to express our cordial thanks to the bacteriologists of 
thèse institutions for their courtesy in fumishing us with thèse organ- 
isms. The cultures classed under Habitat II, surfaces of the normal 
body, were obtained from three sources. A considérable number 
were isolated from sérum tubes, received by the Boston Board of 
Health for diphtheria diagnosis. In this connection we désire to 
acknowledge the courtesy of the bacteriologists of the Board. Only 
those cultures which gave a négative diagnosis for diphtheria were 
used. Another séries of cocci was isolated from the hands of students 
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in the Massachusetts Institute of Technology. In collecting them 
each subject rubbed the front and back of one hand with a wet wad 
of stérile cotton, ninning the wash water into a stérile cup. Finally 
a small number of cultures were obtained from excréta of man and 
animais. Under Habitat III cultures were obtained from a wide 
variety of natural waters — ^public supplies, streams, ponds, pools, 
shallow wells, driven wells, and the sea. Samples were taken as 
far as possible only from sources held to be free from pollution. 
Under Habitat IV organisms were isolated from various samples 
of earth, loam, day, sand, etc., obtained mainly in différent régions 
of eastem Massachusetts. The cultures grouped under Habitat V 
were taken from plates exposed to the air, indoor and out, and hère 
are also included certain organisms of unknown origin which appeared 
as contaminations, or for whose previous history we hâve no record. 
In each case the sample to be studied was first plated on agar 
and incubated at 20^. Colonies which looked like cocci (not pos- 
sessing, that is, the characters of such well-marked forms as B. 
mesentericuSj B. Zopfi^ or B. fluorescens) were fished to agar streaks; 
from each sample only one culture was taken, unless several distinct 
types of colonies appeared. The agar streak cultures were examined 
under the microscope and, if apparently cocci, were replated in order 
to insure their purity, again transferred to agar streaks, and again 
examined under the microscope. AU this preliminary work was 
carried out at 20^, and the stock cultures finally obtained were kept 
on agar at the same température. There can be no doubt that by 
this method of procédure we f ailed to obtain many of the more strictly 
parasitic streptococci which grew only feebly on solid média and 
are most active at a température of 37®. This fact must be taken 
into account in interpreting our results. For Micrococcus and 
SarcinOj however, the séries should be fairly représentative. 

2. SELEcnoN OF Characters for Study. 

The characters ordinarily used in descriptive bacteriology are few, 
particularly in a group of such simple morphology and limited bio- 
chemical powers as the Coccaceas. This number must be still further 
reduced, however, when we come to inquire which of them really 
indicate constant and independent variations. In the first place, it 
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is necessary to eliminate properites which are due mainly to the char- 
acter of the médium and the conditions of incubation. As we shall 
show later, thosc minute différences in the appearance of colonies on 
gelatin which form the basis for a large number of German descrip- 
tions, fall mainly under this head. Secondly, many characters, while 
really belonging to the orgamsm itself at a given moment, are so 
easily modified by cultivation under other conditions as to be prac- 
tically worthless in systematic work. Among the cocci, pathogenicity 
is a property of this sort. In the third place, it is evidently imlair to 
give independent weight to characters which are simply the indirect 
resuit of other properties already recorded. Thus among the cocci 
différences in broth cultures are closely connected with the size of the 
cell aggregates. Organisms growing in large groups, like most of 
the sarcinae, produce heavy sédiment and often colony-like groups 
on the walls of the tube, while those in which the cells readily scpa- 
rate exhibit a more diffuse turbidity. Plate cultures add little more 
information than may be obtained by a careful scrutiny of stabs and 
streaks; and the growth on potato and blood scrum in many groups 
of bacteria, and particularly among the cocci, are only valuable as 
measures of that extremely fugitive quality, the gênerai vigor of the 
ailture. 

The considérations which hâve influenced us in the sélection 
of characters for study among the Coccaceae may be conveniently 
arranged in the order, and under the headings, of the Report of the 
Committee on Standard Methods of Water Analysis to the Labora- 
tory Section of the American Public Health Association (1905). 

3. MOSPHOLOGICAL ChAKACTEKS. 

Farm. — ^The form of the individual cell fumishes no help in the 
classification of the Coccaces, since under favorable conditions 
ail appear as regular sphères. Irregular oval forms occur at times, 
particularly in cultures freshly isolated from the throat or alimentary 
tract, but the form usually becomes normal after ailtivation. 

Manner 0} grouping. — ^The grouping of the cell éléments offers 
a character of considérable importance among thèse bacteria. While 
the cocci do not exhibit an entirely unchanging form of grouping, 
the individuals do show a distinct tendency to occur in one of four 
forms--either in pairs, chains, masses, or packets. 
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The grouping is somewhat influencée! by the âge of the culture 
and by the kind of médium on which it has grown. Even the same 
culture will show wide variation from the typical arrangement of the 
éléments. For instance, streptococci occur singly, in pairs, chains, 
and small masses ; but the most fréquent arrangement, and that ob- 
tained under the most favorable conditions (in liquid média), is in 
chains. Again, sarcinse occur singly, in pairs, and in small masses 
as well as in packets, yet the typical form is the sarcina-packet. 
Cocci grown on Nâhrstoff regularly occur in plates, and usually cap- 
sulated ones. 

In a number of preliminary studies we compared the groupings 
of the same ailtures in various média and \mder varions conditions, 
examining cultures of différent âges, from nutrient broth, sugar 
broth, peptonc solution, hay infusions, nutrient agar, and gelatin, 
and acid and alkaline gelatin. Cultures more than two weeks old 
showed abnormalities both in the individual cell and in its groupings. 
With this exception, the différences produced were very slight. The 
only constant effect of the médium upon grouping which was apparent 
was a more distinct development of chains in liquid cultures. Organ- 
isms which appear as long chains in fresh broth cultures may show 
only short chains with irregular groups on solid média. In the prés- 
ent study we hâve omitted the broth morphology for lack of time, 
and havc recorded the grouping only as apparent on the agar streak. 

The streaks used wcre never more than three days old, and the 
grouping was observed after staining lightly with méthylène blue and 
mounting in cedar oil. Too heavy staining may introduce a serions 
error by making packets of small sarcinae appear like large single 
cells. Thèse observations on the culture stained with méthylène 
blue were controUed by careful observations of the slides prepared 
for the study of the Gram stain, as noted later. 

We hâve distinguished two main groupings only by this method 
of examination. The occurrence of packets marks one, and the ab- 
sence of packets the other, group. In the first group occiur the 
streptococci, which produce pairs, long chains, and irregular groups; 
and the micrococci, which show pairs, short chains, fours, and 
irregular groups; while the sarcins include organisms which 
produce fours, irregular groups, and packets, as well as those 
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extrême forms which show only packets. None of thèse différences 
but that between the présence and absence of packets appear on 
agar with sufficient constancy to be determined definitely. For 
distinction between streptococd and micrococd the observation 
of broth ailtures would perhaps be valuable. 

Dimensions. — ^The cocci exhibit a range in size from o.i to 
2. G M with considérable variation between individual cells in the 
same culture. We were somewhat surprised to find that we could 
demonstrate no definite relation between size and the âge of cul- 
tures, or the conditions of cultivation. In a séries of preliminary 
studies the same organism was grown on seven kinds of média and 
examined at intervais during a period of two months. The maxi- 
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mum size, in différent cultures, was recorded on the first, second, 
seventh, i4th, 42d days, and after two months respectively. The maxi- 
mum size developing in the différent kinds of média during those 
two months was found, respectively, in broth at 37®, broth at 20®, 
Nâhrstoff-Heyden, nutrient gelatin, acid and alkaline gelatin, and 
under anaërobic conditions. In other words, the âge and kind of 
médium had no constant effect, except that in most cases the Nahr- 
stoff and other poor média showed the smallest individuals. No 
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constant différence in size was apparent in comparing solid and li- 
quid cultures. One séries of oi^ganisms examined in dextrose broth 
and on agar, at periods ranging from one day to two weeks, showed 
the same average size in both média and at ail âges. Finally we 
attempted to see whether prolonged cultivation under spécial con- 
ditions would affect the size of the cell. Cultures were grown for 
10 day s, in broth at 37^, on nutrient gelatin, and on acid and 
anaërobic gelatin with daily transfers. The size of each culture 
was recorded on the loth day, after which time each was transferred 
to gelatin and examined after one day. The results showed prac- 
tically no significant différences. 

In a oomparison of the size as determined by examination of living 
organisms and of stained préparations, the cells appeared generally 
somewhat smaller after staining. This is no doubt partly due to some 
shrinkage in drying, and partly to the imperfect définition which 
makes the unstained spécimens appear larger than they really are. 
Occasionally, when the staining was too heavy, the stained cells 
appeared larger. In any case the différences are unimportant, 
and we hâve used the size of the methylene-blue-stained préparation 
throughout our work. 

Staining reactions. — Since the cocci, as far as we hâve examined 
them, ail stain easily with méthylène blue, we hâve made no spécial 
tests with anilin-gentian-violet. The Gram stain has, however, been 
used on ail our cultures, since, in the genus Diplococcus and in many 
other groups, it has been thought to hâve such spécial importance. 

The value of this staining method has been studied with consid- 
érable care by Mr. A. T. Brant, working in the laboratories of the 
Institute. Mr. Brant found, as other observers hâve done, that while 
certain bacteria are constantly Grani-negative or Gram-positive, 
others exhibit an intermediate condition, retaining the stain under 
some conditions and giving it up imder others. In his, as yet unpub- 
lished, paper he notes, for example, that ail cultures of B. coli are 
decolorized by one minute's treatment with alcohol, while B. mega^ 
theriutn constantly fails to decolorize after three hours. On the 
other hand, with B. fluarescens, M. pyogeneSj M. aureuSj and B. 
dipJUheriae the resuit is affected by the time of decolorization, as well 
as by the âge of the cultures. Between the fixed points at the 
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extrême, préparations will yield varying results, showing some œlls 
stained and others decolorized. As a ruie, the large majority of 
œlls in a given préparation will show one reaction or the other; 
but a second slide made fiom a similar doubtful case might yield 
a différent resuit. 

The time chosen for decolorization is, of course» an arbitrary 
factor which will affect the proportion of positive results obtained. 
In oiur work, as a resuit of Mr. Brant's experiments, we fixed on 
three minutes, although we are not certain that this is really préf- 
érable to the five-minute period fixed by the Conmiittee on Standard 
Methods. We hâve applied the anilin-oil-gentian-violet for one 
and a half minutes, and the Gram solution for one and a half minutes 
instead of the one- and two-minute periods of the conmiittee. 

In ail cases we made the stain on young 20^ agar cultures (not over 
five days old), and in each case the test was made in duplicate at 
différent times. When the results of the two tests coincided, the culture 
was recorded as positive or négative. Cultures which gave one posi- 
tive and one négative test, or in which the stained and decolorized 
appeared in about equal proportions, are recorded in an intermediate 
class. 

Flagella. — ^As a resuit of the work of EUis (1902), we hâve devoted 
considérable time to the study of motility among the cocci. This 
author reported the finding of spores and flagella in varions strepto- 
cocci and sarcinae, and Arthur Meyer carried this position to an 
extrême in the statement that '^ the researches of Ellis hâve rendered 
it doubtful whether there are any species of bacteria which entirely 
lack flagella" (Meyer, 1903). We examined a number of cultures 
very carefully, transferring them at fréquent intervais on différent 
média, according to the gênerai plan adopted by Ellis. We found 
in almost every case active vibratory movements, with a tendency 
to incomplète rotation, the successive jerks sometimes producing a 
graduai translation across the field. This type of behavior is 
entirely différent from the true motility characterized by slow, steady 
révolution, which appears in such forms as 5* ag^i5. We are con- 
vinced that most of the cocci are non-motile, while a few forms show 
true movement; it is with this type of motility that clearly stainable 
flagella hâve been found associated. The study of this character is 
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thereforc of significance. It is questionable, however, whether it is 
one of the most important characters in this group of bacteria. It 
appears from the published descriptions of species that this property 
is not correlated with any other character, arising indepcndently in 
forms exactly resembling non-motile forms in eveiy other respect. 
On account of its rarity and this apparent lack of corrélation with 
other différences, as well as on account of the difficulty of studying it, 
the property of motility has been so far omitted from the présent study. 

Spores. — ^The experiments carried out by EUis (1902) strongly 
suggest the présence of spedally résistant cells in old ailtures of 
the cocci. His figures are, however, by no means conclusive as 
to the existence of true spores. In the absence of any observations 
as to germination, we hâve not felt that the évidence warranted 
extensive microscopic study of this character. 

Fission. — ^A study of the conditions influencing the growth- 
forms of the Coccaceae should be of considérable interest. Pairs 
and chains are apparently associated with meager, and groups and 
packets with more abundant, development The effect of the gên- 
erai rate of growth must, however, be modified by the rate at which 
cell-wall and cell-protoplasm, respectively, are formed. 

A careful study of the method by which thèse groupings anse 
in cell-division, such as could be made by the use of HiU's hanging- 
block method, would no doubt throw much light on ail such points, 
and should précède any final conclusions as to the relationships of 
the cocci. In examining a large number of organisms, however, 
the agar block would hâve proved too time-consuming. We hâve 
therefore limited ourselves to the observations made on stained 
préparations from ordinary cultures. 

Capsules. — Considérable preliminary work failed to indicate any 
constant différences in capsule formation among the cocci studied. 
This character appears to be of considérable value among the 
diplococci (Buerger, 1904); but even with them it varies markedly 
with the médium used for cultivation. We cultivated certain select- 
ed organisms in broth at 20° and at 37°, on nutrient gelatin, acîd 
gelatin, alkaline gelatin, anaërobic gelatin, and Nâhrstoff-Heyden 
agar, and examined them at intervais by Welch's staining method. 
In every case capsules were apparent at some stages, being most 
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strongly developed in old cultures and on poor média like the 
N^rstoff agar. This character bas not seemed to us of sufficient 
diagnostic value to be included in our routine examinations. 

Involution and degeneration forms. — In numerous examinations 
of old cultures we found no involution forms of spécial significance. 
As noted above, swoUen and oval forms are more apt to occur in old 
cultures of cocci, but they are not sufficiently definite to warrant 
record. 

4. CULTURAL ChARACTESS. 

In a study of this sort we bave necessarily included only those 
tests which reveal definite and independent variable characters. 
Most of the commonly observed cultural characteristics are the sec- 
ondary results of a f ew fundamental properties which can be observed 
on one médium as well as on several. For this reason we bave elimi- 
nated a number of the ordinary média from our routine. The gênerai 
character of the growth is approximately the same on agar, hlood 
sérum, poiato or Nàhrstofj, except that agar bas always markedly 
more growth and potato often none. An organism producing 
abundant chromogenic growth on agar will give good growth and 
some pigment on the other média. The streptococcus growth on 
agar gives restricted and veil-like growth on sérum and Nâhrst: fï, 
and usually no growth on potato. In other words, Nâhrstuff agar, 
sérum, and potato are simply poorer média than agar, and show no 
spécifie characteristics other than those due to feebleness of growth. 
Blood sérum may be useful in other groups to show a spécial type 
of liquéfaction, but in a preliminary study of 50 of our cultures we 
never found this to occur, and it is nowhere recorded in published 
descriptions of the Coccaceae. In 25 out of 50 cultures grown on 
potato no growth occurred, and in no case hâve we observed dis- 
coloration. Thèse média bave therefore been omitted. This action 
is in accordance with the conclusions of the Committee on Standard 
Methods (1905), in considering their value for gênerai diagnostic use. 

Nutrient broth. — In the group of the cocci we bave not found 
that any information of definite value could be derived from a study 
of broth cultures. None of the forms studied form a surface pel- 
licle or produce any characteristic odor. There remain to be ob- 
served only two features — turbidity and sédiment — which in our 
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judgment dépend directly on other properties, such as the gênerai 
vigor of growth and the size of the cell aggregates. Both tnrbidity 
and sédiment vary markedly with the âge of the culture; what îs 
first turbidity later settles to form sédiment, as the waste products 
of the bacteria check theîr development. The amount of either 
dépends on the activity of growth. A constant différence of ten appears 
between cultures which early in the course of development show 
considérable turbidity with little or no sédiment, and those which 
almost at once develop a heavy sédiment with colony-like masses 
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of growth clinging to the waUs of the tube. This différence, how- 
ever, appears to be correlated with the growth-form and gênerai 
vigor of the coccus. Organisms of the Streptococcus type with ceUs 
separating readily, which show faint surface growth, produce chiefly 
turbidity; while organisms like Sarcina with large cell aggregates 
and rich surface growths, show heavy sédiment. 

GekUin fdales, — Minute différences in the macroscopic and 
microscopic appearance of colonies on gelatin are given great 
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weight in Gennan Systems of classification. Certain spécial char- 
acteristics do, indeed, appear in old gelatin colonies of the cocci 
after several weeks of incubation. Colonies may remain almost 
spherical; or they may expand in fiât, disclike growths with terraced 
edges. Sometimes a distinct boss appears at the center, surrounded 
by a fiatter area. The edges may be entire, or more or less deeply 
scalloped, and the edges of the scallops may be produced inward in 
folds. Concentric rings sometimes appear in the interior of the colony, 
or zones of partially liquefied gelatin around its periphery. Some 
of thèse characters vary without any apparent reason, as différent 
colonies on a plate show différent characteristics; this is perhaps 
due to différences in the position of the original cell relative to the 
gelatin surface. Most of them are profoundly modified by variations 
in the amount of moisture in the gelatin and in the atmosphère 
above. In a séries of comparative studies with différent conditions 
of incubation we found that highly characteristic colonies of granular 
structure, with deeply lobed edges and indented surfaces, could 
be produced by cultivation in an incubàtor whose atmosphère was 
kept dry by calcium chloride. Dunham (1903) has pointed out 
the wide différences which may be due to slight variations in the 
physical properties of the gelatin used. Those différences which 
are really characteristic of the organisms themselves appear to be 
related to two fundamental powers: the gênerai vigor of growth and 
the liquefying power. It may be possible that other différences exist 
in old gelatin colonies which are really characteristic, but in the 
présent state of knowledge it seemed best to omit the gelatin 
plate in favor of more definite tests. Liquefying power and gênerai 
vigor of growth are observed in the gelatin stab and the agar streak 
respectively. 

Gdatin tubes, — ^AU our cultures hâve been studied in the gelatin 
tube, but only the single character of the amount of liquéfaction 
has been S3rstematically recorded. The distinction between différent 
non-liquefying colonies lies in the amount of surface growth and the 
color, both of which characters are more easily studied on the agar 
streak. The character of the surface growth, like that of the gelatin 
plate colony, does not appear in this group to offer any character 
of diagnostic value, and ail the cocci grow fairly well in the stab. 
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Among the liquefying forms we bave not found the shape of the 
liquéfaction of suflScient constancy to be recorded. Whipple (1902) 
bas strikingly sbown tbe uncertainty of tbis cbaracter — abnost eveiy 
possible tjrpe appearing in média made witb sligbtly différent com- 
mercial gelatins. Tbe Committee on Standard Metbods (1905) bas 
also omitted tbis property. 

Tbe amount of liquéfaction of gelatin was tberefore tbe only 
cbaracter recorded on tbe gelatin stab. Tbe metbod by wbicb tbis 
was measured will be described under '' Biocbemical Reactions." 

Agar plates, — Tbe same reasons wbicb led us to omit tbe gelatin 
plate militate against tbe use of tbe agar plate as a diagnostic test. 
Constant différences wbicb exist between colonies are sligbt and 
dépend on a few fundamental properties wbicb may be more easily 
observed on otber média, notably on tbe agar streak. 

Agar tubes. — ^Tbe gênerai conclusion from wbat bas been said 
in tbis discussion of cultural cbaracteristics is tbat in tbe cocci a 
single médium is sufficient for tbeir détermination. We sbould, 
bowever, deprecate any extension of tbis conclusion to otber groups 
wbere tbe gelatin stab or tbe plate culture may yield information of 
deônite value. Even among tbe cocci furtber study may sbow con- 
stant and cbaracteristic différences in gelatin colonies, and if tbis 
sbould be tbe case, no one could fail to welcome an addition to tbe 
meager list of diagnostic cbaracters at our disposai. In tbe absence 
of évidence as to tbe value of tbese média, we f eel it unwise to repeat 
tests mecbanically and witbout any deônite purpose, merely because 
tbey bave bad an important place in tbe bistorical development 
of tbe science. 

AU cultural cbaracteristics bave tberefore been observed in tbe 
agar tube. A combined streak and stab was made on a slant sur- 
face, and tbe cultures were uniformly studied after incubation for 
two weeks at 20° C. Cultures of différent âge exbibit marked différ- 
ences, but tbe cbaracters of tbe old cultures are tbe outcome of tbose 
of tbe new. Comparative studies witb lactose agar and glycerin 
agar sbowed neitber to be as favorable a médium as ordinary nutrient 
agar. 

In order to obtain a comparative idea of cultural cbaracters 
we examined two weeks' agar streaks of tbe wbole 500 cultures 
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at the saine time. We are somewhat surprised to find that the vis- 
ible différences betweeti the cultures were due almost wholly to two 
properties — chromogenesis and the gênerai vigor of surface growth. 
There was a distinction in luster between a large majority of the 
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cultures which bad smooth and sbining surfaces, and a few wtuch 
were dull and rough. This différence appears, however, to be due 
simply to the relative amount of growth and moisture in the tube. 
Faint growths are moist and sbining, while heavy growths in tubes 
which do not contain mucb moisture show tbe dry, rough, dull 
appearance. The " white chromogens " sbowed another slight 
différence, varying from an opaque porcelain white to a duller and 
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more translucent growth of indefinite color and somewhat shiny 
appearance; but there was no sharp boundary to separate the types. 
For the présent we hâve omitted this character, although it may prove 
to be of importance in more detailed work. 

We hâve therefore noted, as cultural characters on the agar streak, 
only the color production and the vigor of surface growth. The 
method of studying the former character will be described under 
" Chromogenesis." Under "Vigor of Surface Growth" we found 
it possible to distinguish five différent t)rpes. Grade i includes 
forms of the Streptococcus type which form only a very faint, veil- 
like, growth, or a few translucent dotted colonies on the surface. 
Grade 2 is reserved for a somewhat more abundant, but still meager, 
growth. Grade 3 corresponds to a good, but not abundant, streak; 
Grade 4, to an abundant growth; and Grade 5, to a very heavy 
surface development. 

The relation to free oxygen is distinctly involved in the vigor 
of surface growth, and the agar streak also served for the study of 
varions other biochemical reactions. Inhibition of growth by acid- 
ity and alkalinity of média, température relations, and pigment for- 
mation were ail recorded on this médium under conditions to 
be described below. 

5. Biochemical Reactions. 

Action upon rnUk. — Milk is a favorable nutrient médium for bacte- 
rial growth because of its rich food properties, and in many groups 
it gives important information, but it has no spécifie diagnostic 
value for the Coccaceae, as ail the changes it undergoes are corre- 
lated with those which occur in sugar broths and with the gênerai 
activity of the organism. No coagulating enzymes and casein- 
digesting enzymes are found in this group, so far as we are aware, 
and no gas or odor is produced. The only changes which the cocci 
effect in milk are therefore the production of acid or alkali, coagu- 
lation and decolorization of the litmus. 

Decolorization has no significance, except that it indicates the gêne- 
rai activity of the organism. When the organism is most active, it uses 
up the oxygen and reduces the Utmus, which is accordingly decol- 
orized, and, conversely, when activity grows less, oxygen diffuses 
from the surface making the litmus pink again. 
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Coagulation dépends upon the amount of acid produced, and 
is more easily studied in sugar-broth cultures. 

Action upon carbohydraUs. — The characteristics usually observed 
in sugar broth are turbidity and sédiment, relation to oxygen, gas 
production, and add production. We hâve given reasons, in dis- 
cussing nutrient broth, for considering turbidity and sédiment 
unimportant, and the relation to oxygen is most sharply defined 
by surface growth in the agar tube. None of the cocci, so f ar as 
known, produce gas, and there remains only acid production to 
be recorded. For this purpose ordinaiy straight tubes were used. 
The sugars tested were dextrose and lactose. Saccharose has been 
omitted for the présent, for lack of time. A preliminary test indi- 
cated that this sugar is less commonly fermented by the cocci than 
are dextrose and lactose. 

The média were madc up in the usual manner with 2 per cent 
of the sugar to be tested. The reaction was made about neutral, 
and after tubing and sterilization it was usually between 0.5 and 
i.o per cent. After standing for two weeks stérile blanks showed 
a slight further rise in acidity, so control tubes were always kept 
with each batch inoculated and titrated at the end of the experiment. 
After considérable preliminary expérimentation, it was decided 
to titrate with phenolphthalein as an indicator in the cold. Methyl 
orange is not sensitive to the organic acids and gives a poor end- 
point. With phenolphthalein a comparative séries of titrations 
made on the same tubes, first cold and then boiling, showed slightly 
higher results by the latter method. Evidently heating increases 
the apparent acidity more by the breaking-up of unstable com- 
pounds than it decreases it by driving off carbon dioxide. The 
cold method was therefore used. To 5 ce. of the sugar broth, 
grown for two weeks at 20*^, was added 95*^ ce. of distilled water 
and two or three drops of phenolphthalein. This was titrated against 

_ NaOH and from the value obtained was subtracted the acidity 

40 

of the blank controls titrated at the same time. Ail tests were made 
in duplicate, and the final value recorded as the acid or alkali pro- 
duction of the organism is the différence between the average of 
two titrations of tubes in which it had grown for two weeks and 
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thc average of two blank controls. No détermination was made of 
the rate of acid production as distinguished from this total final 
acidity, though such observations might be of much interest. 

Action upon nUrates. — Data with regard to the réduction of nitrates 
by the cocci are extremely meager, the présence or absence of this 
character being recorded in very few of the published descrip- 
tions. It seems, however, to hâve a fair degree of definiteness, 
and we hâve included it as a qualitative test in our routine. 
Each organism was inoculated into a séries of lo tubes of standard 
nitrate solution. After seven days' growth at 20° the tubes were 
tested for nitrites and ammonia by the regular method prescribed 
bylhe Committee on Standard Methods (1905). The test for nitrates 
was omitted after it was found that ail the cultures, out of a con- 
sidérable séries tested, gave positive results, without exception. 
The results of the tests for nitrites and ammonia are cxpressed in 
the number of tubes which gave positive results, out of the 10 which 
were tested. In view of the fair constancy of the reaction as observed, 
we regret that this test was not made quantitative. 

Production of indoL — A preliminary examination of some 50 cul- 
tures showed no production of indol in any case, and a study of the 
literature of the cocci indicates that this property is very rare, if it 
ever occurs, in this group. It was therefore omitted from our 
routine. 

Inhibition of growth by acidity and alkalinity of média. — ^This 
character is of considérable importance and warrants careful study, 
but it is obviously a difficult property to observe in a large séries of 
cultures, and we hâve not attempted to use it in the présent investi- 
gation. A preliminary examination of 33 cultures, the results of 
which are shown in the table, indicated that i per cent is thc opti- 
mum acidity for a majority of thèse organisms, and that an excess 
of acidity over this amount is more generally fatal than an alkaline 
médium. 

Optimum Reaction for Growth and Color Production. 

NUMBER or ORGANISMS. 
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Relation io free oxygen. — ^The Committee on Standard Methods 
(1905) recommends that the relation of bactcria to oxygen be studied 
by the comparison of cultures made under normal, and under anaë- 
robic, conditions. A preliminary study of 50 cultures made in this 
way led to the belicf that such a procédure is unnecessary among 
the cocci. Ail but two of the cultures studied showed some growth 
under anaërobic conditions, but the growth was in most cases meager. 
It became évident that there are two main types of organisms : those 
which, like Streptococcus, grow only feebly on the surface of aérobic 
agar, and which grow equally well under anaërobic conditions; and 
those, like Sarcina, which form abundant surface growths under 
aérobic conditions, and under anaërobic conditions grow feebly 
like Streptococci. In other words, there is little différence between 
the anaërobic cultures of the cocci. Therefore, for purposes of classi* 
fication we hâve considered the study of the aérobic surface growth 
a sufficient measure of the relation to free oxygen, as weU as of 
gênerai vigor. The five grades recorded under vigor of surface 
growth correspond fairly well to four grades of aërobiosis, from 
forms anaërobic and facultatively aérobic, to forms which are strong 
aérobes. 

Température relations. — ^There are two points of spécial importance 
which ought to be determined in studying température relations, 
the optimum température and the high death-point. The death- 
point at extremelylow températures is too indefinite to be attempted, 
and the extrême limits of growth, although désirable data may be 
omitted as less important than the other two properties. 

For the détermination of the optimum température we first made 
a séries of preliminary studies by comparing agar cultures grown 
at 10°, 20°, 37°, 45% and 56°. We found two cultures growing bet- 
ter at 20®, 18 developed equally well at 20*^ and 37°, 22 showed an 
optimum at 37®, two grew equally weU at 37° and 45°, and foiur grew 
best at 45^. Thèse conclusions refer only to the amount of growth, 
color production being in most cases most active at 20^. From 
thèse results we concluded that the information to be gained by cul- 
tures grown below 20® and above 37° would be scarcely commensu- 
rate with the labor involved, and we hâve limited our observation 
to the comparison of growth and color production at 20° and 37®. 
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Cultures were grown for this purpose on agar at 20*^ for two weeks 
and comparée by inspection. Âmount of growth and depth of 
color were recorded in five arbitrary grades as folio ws: growth or 
color production, much better at 20*^, somewhat better at 20*^, equal 
at the two températures, somewhat better at 37*^, and much better 
at 37^. 

Thermal death-points were included in the original plan of our 
experiments and hâve now been made on 87 cultures. The process 
used is to inoculate from three- to five-day-old agar cultures into 
broth tubes brought to the desired température in a water-bath 
heated electrically by a platinum coil, and to expose them for 10 min- 
utes. The tubes are then cooled and incubated at 37° for six days. 
At the end of that time, streaks are inoculated from the broth tubes 
in order to make sure by characteristic growth that the organisms 
orginally inoculated are présent. Tests are made from 55*^ up to 
the point where growth fails. The process is so tedious that we hâve 
been imable to complète the work, and must omit this property for 
the présent. The gênerai results so far obtained are as follows: 

TeziiiAL Dkath-Points. 

NUmSR OV CULTUmXS KHXKD AT VARIOU8 TEMPESATURI8. 



Température 
Cultures 



50» 


5f 


6o" 


65- 


70 


yf 


a 


S 


34 


17 


16 


aa 



8o» 

I 



Pigment formation. — The production of color by the bacteria 
is not only markedly affected by contemporaneous conditions of 
cultivation, but may be profoundly modified by sélective action 
or by the effect of antécédent environment. First, of the conditions 
which temporarily affect the production of color, without modify- 
ing the inhérent chromogenic power of the organisms, may be men- 
tioned the médium, the présence of free oxygen, and the tempéra- 
ture. In some bacteria, média of low nutritive value, like potato 
and Nâhrstoff, appear to favor pigment formation, but with the 

• 

cocci this is not generally the case. Agar has, on the whole, shown 
a better development of chromogenesis than any other médium tested. 
The présence of free oxygen is generally an essential for color pro- 
duction, stab growths being almost invariably lightly colored. We 
hâve found a single exception to this rule in a coccus which produces 
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an orange pigment of much deeper tint in the stab than on the sur- 
face. In comparing color at différent températures we bave found, 
in gênerai, a much better pigment formation at 20^ than at 37^. A 
deep orange growth at the lower température may often correspond 
to a white one at 20°. This effect has been recorded in our routine 
studies, and will be more fuUy discussed later with their results as a 
basis. Besides thèse temporary modifications of the chromogenic 
power, the actual color of cultures may be indirectly affected by 
certain other factors. The gênerai vigor of growth is naturally 
correlated with apparent depth of color, and the dryness of the atmos- 
phère incrcases its intensity by evaporating moistiue and concen- 
trating the pigment. Both thèse factors, increase in the total amount 
of pigment and concentration by evaporation, produce a pro- 
gressive deepening of color in old cultures. 

Even if the temporary conditions of ailtivation are quite constant, 
the chromogenic power of an organism may be modified by its pre- 
vious history. In thermal death-point observations we havc foimd 
interesting cases of this sort. Some streaks made from broth cul- 
tures which had been exposed to a température of 50*^ or 55*^ were 
deeper in color than was the normal for the organism, but in most 
cases they were much lighter. Sometimes streaks made from a yel- 
low or an orange chromogcn after such treatment were almost color- 
less, although successive transfers generally restored the normal 
properties. Finally, we hâve noticed in our work spontaneous 
variations in chromogenesis such as hâve been recorded by Ncimiann 
(1897), Conn (1900), and Sullivan (1905). The latter authors note 
that on a plate sown from a single colony there may develop colonies 
varying appreciably in shade from which sélections of the extrêmes 
will produce quite distinct types. Neumann records the sudden 
appearance of widely différent strains, as sectors in old and carefuUy 
sealed stab ailtures. We hâve observed both phenomena in our 
cultures, and are inclined to attribute the first, and, more doubt- 
fully, the second, to variation rather than contamination. 

In spite of ail thèse facts it is clear that, as the cocd normally 
occur in nature, chromogenesis is one of their most distinct and sig- 
nificant différences. In any séries of plates sown with washings 
from the skin four well-marked types — red, yellow, orange, and 
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white — are pretty certain to occur. We hâve therefore included 
chromogenesis as one of our routine tests. The variations due 
to past and présent envîronment are, of course, easily excluded by 
the maintenance of constant conditions. Our stock cultures were 
in ail cases kept on agar at 20°, and cultures for chromogenesis 
were grown on that médium, and at that température, for two weeks. 
In order to avoid the apparent différences due to the vigor of growth 
or to evaporation, a portion of the growth was removed on a loop 
needle and spread out on white drawing-paper with a rough surface. 
After drying at the room température, the color was compared with 
an arbitrary standard scheme. 

The color chart used for matching thèse colors was devised after 
a very careful study of the colors actually found among the Cocca- 
ceae, and includes nine hues ranging from white through lemon-yel- 
low, light cadmium, médium cadmium, lemon-yellow and cadmium 
orange, red and cadmium orange, to two différent combinations 
of red with lemon-yellow. We hâve used under each hue, nine différ- 
ent chromas, obtained by successively increasing washes of the hues 
on white paper. The hue in each case is recorded by a Roman 
numéral; the chroma, or number of wash, by an Arabie subscript. 

Liquéfaction 0} gelatin. — ^The liquéfaction of gelatin, like the prop- 
erty of pigment production, has been shown to be subject to fluctu- 
ating variations. Conn (1900) was able by sélection to obtain from 
a single culture of a milk coccus a rapidly liquefying form, and 
one with almost no peptonizing power. Smith (1900) records 
similar expériences with colon bacilli and forms of B, proteus. There 
appears to be little corrélation between liquéfaction and any other 
power, since it is so common in widely separated groups of bac- 
teria to find organisms differing in this respect, while identical in 
ail other properties. 

In studying liquéfaction we hâve determined only the amount 
of the action exerted by each organism. The shape of the liquéfac- 
tion in the stab culture has been shown by Whipple (1902) to vary 
within the wîdest limits, with slight différences in the character 
of the médium, and the Committee on Standard Methods (1905) 
has omitted this character from its list. 

For determining the amount of liquéfaction we hâve used the 
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method suggested by Clark and Gage (1905), whîch consists în înocu- 
lating gelatin tubes of 10 mm. diameter by spreading a suspension 
of the culture over the surface. Liquéfaction proceeds in a strati- 
form fashion, and îts amount may be read off in centimeters. With 
such a method one may détermine the rapidity of liquéfaction either 
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by the number of days required to reach a fixed point, or the final 
amount of liquéfaction. In gênerai, thèse two values are pretty 
closely correlated, but in a preliminary study we found that the 
final différences are somewhat sharper as well as easier to record. 
We hâve therefore adopted as our routine measure of liquefying 
power the depth of liquéfaction after 30 days. 
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Supplementary tests. — Many other tests than those mentîoned 
are sometimes used in bacterial diagnosis, but none hâve seemed 
suited to the présent study. The questions of pathogenicity and 
agglutinative power are so shrouded in confusion as to be unprom- 
ising. Meyer (1902) considered sérum reactions of diagnostic 
value among the streptococd, and Kolle and Otto (1902), and Otto 
(1903), obtained good results with the staphylococci. On the other 
handy Aronson (1903), Fischer (1904), and Kemer (1905), after 
very thorough investigations, came to the conclusion that thèse prop- 
erties among the streptococd are so erratic as to be quite valueless 
in systematic work. From a gênerai survey of the literature of the 
group, it seems probable that the properties connected with infection 
and immimity are likely to be too easily modified to prove helpful 
in classification. 

The test for liquéfaction of starch is one which it seems logical 
to indude with those which show the relation of an organism to 
gelatin and the sugars; and we made some experiments with the 
starch média introduced by Smith (1905). It appeared that cer- 
tain cocd did exert an amylolytic action and the study of this char- 
acter would probably prove of considérable interest. It has been 
omitted for the présent, for lack of tîme. 

III. RESULTS OF THE INVESTIGATION. 

The characters observed and the terms in which they are record- 
ed may be summarized as foUows: 

1. Habitat. — Recorded as i (diseased conditions); 2 (normal 
body); 3 (water); 4 (earth); or 5 (air). The significance of thèse 
varions habitats has been more fully discussed above. It should 
be noted that Group 5 indudes certain laboratory cultures whose 
origin was unknown. 

2. Grauping of cells and dimensions. — Observed in stained prépara- 
tions, made from 20^ agar cultures less than five days old. Group- 
ing recorded as i (packets présent); or 2 (packets not présent). 
Extrême dimensions recorded in micromillimeters to the nearest 
loth. 

3. Relation to Gram stain. — Observed on two occasions on 20® 
agar cultures less than five days old. Treated with anilin-oil-gentian- 
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violet for one and one-half minutes; Gram's solution, one and one- 
half minutes; 95 per cent alcohol, three minutes. Counterstained 
with Bismarck brown for one-half minute. Reaction recorded 
as — (decolori2sed in both tests) ; ± (stained once and decolorized once) ; 
or-h(stained in both tests). 

4. Vigor of surface grawth an agar streak after 14 days <U 20P, — 
Recorded as i (very faint); 2 (meager); 3 (good); 4 (abundant); 
or 5 (very heavy). 

5. AmoufU of acid produced in 2 per ceni dextrose broth after 

N 
14 days at 2(f. — Determined by titration against — NaCl in the cold 

with phenolphthalein as an indicator. Recorded value is the différence 
between inoculated tubes and stérile controls, expressed in cubic 
centimeters to nearest loth. 

6 . Amount of acid produced in 2 per cent lactose broth. — ^Same 
conditions as under 5. 

7. Formation 0} nitrites in nitrate solution. — Recorded value 
is the number of tubes giving positive test for nitrites out of a séries 
of 10, grown for seven days at 20*^. 

8. Formation of free ammonia in nitrate solution. — Same method 
as under 7. 

9. Comparative grawth after 14 days* grawth an agar streak at 
20^ and S7^^ respectively. — Recorded as i (much more vigorous 
at 20°); 2 (more vigorous at 20*^); 3 (equal); 4 (more vigorous at 
37*^); or 5 (much more vigorous at 37°). 

10. Chromogenesis. — Hue and chroma of pigment produced on 
agar at 20^ after 14 days, determined by comparison with color 
scheme as described later. 

11. Depth in cm. of gelatin liquéfaction in tube of i mm. diame- 
ter after 14 days at 20^. 

It would be well to extend this séries of tests by a study of the 
cell-grouping in broth, motility, fission on the agar block, fermenta- 
tion of saccharose, effect of acid and alkaline média, and the ther- 
mal death-point. 

I. Habitat. 

The distribution of the cultures isolated among the varions habi- 
tats was as foUows: (i) diseased conditions, 59; (2) normal body. 
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170; (3) water, 95; (4) earth, 67; (5) air, 109. It îs probable that 
thîs déviâtes from a représentative sampling of the cocci in nature 
by laying too great stress on the saprophytic forms. It is difficult 
to find cocci at ail in earth and water, whereas they are présent 
on the surfaces of the body in enormous numbers. The majority 
of this group appear to be parasitic or semiparasitic in habit. At 
the same time, the fairly equal weight given to the saprophytic forms 
helps to bring out the différences between the two main groups, 
those living in or on the animal body (i and 2), and those living in 
the outer world (3, 4, and many of 5). 

We hâve prepared tables to show the distribution of each charac- 
ter among various habitats, and the relations shown are so suggestive 
as to warrant rather full discussion. In Table i is given the cor- 
relation between habitat and cell-grouping, and it is at once évident 
that the sarcinae occur in greater proportion outside than inside the 
body. 

In this and succeeding tables the figures represent the number of 
cultures showing each combination of characters out of the 500 
studied. 

TABLE I. 

CORKXLATION BKTWEBN HABITAT AND CbLL^SOXTPXNO. 



Air 



No. packets. 
Packets 



Diseased 
Conditions 


Normal Body 


Water 


Earth 


44 
15 


I4S 
as 


45 
50 


33 
34 



78 

31 



Whereas packets are more abundant in earth and water, the 
other forms — chains, plates, and irregular groups without sarcina^ 
— ^make up two-thirds or more of the parasitic forms. 

TABLE a. 
Corrélation bxtween Habitat and Gram Stain. 



Gram Stain 



± 



Diseaaed 
Conditions 


Normal Body 


Water 


Earth 


14 
17 
a8 


13 

S© 
X08 


46 
20 


37 
18 
xa 



Air 



36 
3» 
4X 



The distribution of our cultures according to their relation to 
the Gram stain brings out a similar condition. The cultures giving 



GeNERIC ChARACTESS in THE COCCACEAE 



I7S 



a consistent positive reaction make up far more than half the total 
among the parasitic forms from the first two habitats, and less than 
one-fourth of the forms from water and earth. The air cultures 
in almost ail cases exhibit an intermediate relation, as would be ex- 
pected, since they must contain forms from both sources. A positive 
reaction to the Gram stain is evidently closely correlated with life 
in and on the animal body. 

TABLE 3. 

CORKELATION BKTWXXN HaBITAT AND SUETACK GrOWTH. 



Surface Gnmth 

Vcry&iot 

Meager 

Good 

Abundant 

Very hcavy 



Diaeased 
Conditioos 


Nonnal Body 


Water 


Earth 





x6 


3 





I 


X5 


a 


a 


«3 


98 


38 


34 


*2 


34 


38 


S» 


8 


7 


14 


.0 



Air 



o 

X 

3a 

60 
16 



The abundance of surface growth also varies with the habitat. 
Very faint and meager growths are fairly abundant in the forms 
from the surfaces of the body, as would be expected, since our culture 
média are unfavorable for the more strictly parasitic forms. On 
the other hand, a majority of the earth and water cocci show abun- 
dant or very heavy surface growths. The air forms are character- 
ized by particularly abundant development, as would naturally be 
expected, since only the vigorous cells probably survive drying and 
dispersai through the air. 

TABLE 4. 

CORSXLATXON BXTWBKN HABITAT AND THB FbBMKNTATXON OV DbXTBOSB BrOTH. 



Acid Pioduction va Cent of 
Normal 

0.0 and alkalmr 

o.x-o.a 

0.3-0.6 

0.7-a.o 

a.oandorer 



Diseaaed 
Conditkns 


Nonnal Body 


Water 


Earth 


la 


xa 


39 


a8 


7 


a 


99 


a4 


ao 


19 


xo 


17 


38 


xa 


5 


3 


5 


3 






Air 



ao 
a4 
as 
34 

6 



TABLE 5. 
Corrélation betwbxn Habitat and tbz Fermentation or Lactose Broth. 



Add Ptoductioa per Cent of 
Normal 

-o.a and more alkaline 

-o.i and 0.0 

o.x-0.4 

oS-i-4 

I. sandow 



Diseaaed 
Conditions 


Normal Body 


Water 


Earth 


6 


xa 


9 


xo 


93 


37 


6a 


4a 


«5 


64 


x6 


XX 


XX 


49 


5 


4 


4 


8 


3 






Air 



13 
40 
3a 

19 
5 
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In examining Tables 4 and 5, which show the fermentative power 
of dextrose and lactose broth, the fundamental différence between the 
parasitic and saprophytic cocci is again made évident. In the first 
two groups, from the animal body, over two-thirds of the cultures 
produce more than 0.3 per cent of normal acid; while among the 
earth and water forms two-thirds of the organisms form less than this 
amount. With lactose the same law holds. Two-thirds of the cocci 
from the normal body produce acid in lactose, against less than 
one-third of the water and earth forms. The air cultures show an 
intermediate relation. 

TABLE 6. 

COBSXLATION BXTWSBir HaBITAT AMD RxDnCTION OF NlTKATXS. 



AJr 



No reductioa 

I>fitrites fanned .. 
Ammoni» fonned 



Diseased 
Cooditioiis 


Normal Body 


Water 


Earth 


44 
10 

7 


147 

XQ 

7 


75 


44 

xo 

X3 



7« 
x8 

30 



The propcrty of nitrate réduction does not appear to be related 
to habitat in any such direct way as the other characters studied. 
The air cocci, however, show a peculiarity of considérable interest, 
nitrite formation being common, and ammonia formation very com- 
mon, among them. 

TABLE 7. 

COKSXLATION BXTWSXN HaBITAT AND OPmfUM TsMFBBATUBX FOB GbOWTH. 



Opdmttm 

ao» 

atfatsf 

37* 



Cooditioaa 



Normal Body 



Water 



Earth 



AJr 





36 
ï4 



XX 

xxa 
47 



99 
56 
xo 



»3 
4» 

a 



XX 

80 
9 



While a majority of the cultures studied grow indifferently at 20® 
or 37°, it appears from Table 7 that among the parasitic forms a 
f air proportion are favored by the body température, while more 
of the earth and water forms develop best at 20°. With regard to 
the optimum température for color formation, no definite relation 
with habitat appears, except as involved in the double relation between 
chromogenesis and habitat, and chromogenesis and the optimum 
température for color formation. Thèse figures are therefore 
omitted. 
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TABLE 8. 

COISKLATION BBTWKBN HABITAT AND ChBOMOGBNSIS. 



White. 
Ydloir. 
Orange 
Red... 



Diaeaaed 
Coadidoi» 


Normal Body 


Water 


Earth 


4 


17 


S 


I 


33 


37 


76 


50 


ai 


116 


6 


10 


z 





8 


6 



Air 



a8 
10 



Table 8 brings out some of the most definite relations yet con- 
sidered, between habitat and chromogenesis. It is évident that the 
white and orange forms are largely parasitic, and the yellow and red 
forms as distinctively saprophytic. More than half of the white 
and more than two-thirds of the orange chromogens come from the 
first two habitats, while only one-third of the yellow forms hâve such 
an origin. The distribution of the red pigment-formers is even more 
notably saprophytic. Only one culture out of 25 occurred among 
the 229 cultures from the body. 

TABLE 0. 

COBRBLATXON BXTWSBN HABITAT AND GlLATIN LiQUXrACTIOH. 



Gdatin Liquéfaction (Depth in 
cm.) 

0.0 

O.X-I.5 

z.ôandover 



Conditiaos 



13 

«4 

aa 



Normal Body Water 



68 
36 
66 



43 
4» 

10 



Earth 



a6 
30 
II 



Air 



36 



The table for habitat and gelatin liquéfaction (Table 9) shows 
this property occurring among the earth and water forms to a less 
degree than among the parasitic cocci. This fact, and the fact 
that the parasitic forms are high acid-producers, as noted above, 
are of practical significance in connection with the bacteriological 
analysis of water. It has long been suspected that acid production 
and gelatin liquéfaction were associated with intestinal organisms, 
and we hâve hère a measure of the truth of this proposition, in the 
case of the cocci at least. From the food conditions which obtain 
in the alimentary tract, and to a less extent on the outer surfaces 
of the body, it is natural that thèse properties should be highly 
developed. 

The forms from Habitat II (the surfaces of the normal body) 
group themselves most abundantly at two extrêmes, 68 being non- 
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liquefiers and 66 active liquefiers, while only 36 occupy the inter- 
mediate position, wMch is of most fréquent occurrence in ail the other 
habitats. It is probable that this may be accounted for by the prés- 
ence, in Habitat II, of two distinct séries — the white and colorless 
forms, which, as we shall see later, are non-liquefiers, and the orange 
fornis, which peptonize strongly. 

From a gênerai survey of our habitat studies it is évident that 
the forms from the body exhibit quite différent characteristics from 
those of the water and earth cocci. The parasitic forms generally 
react positively to the Gram stain, give only fair surface growths 
on the surface of artifidal média, produce acid in dextrose and lac- 
tose, grow best at 37®, produce no pigment or a white or an orange 
pigment, and liquefy gelatin. The saprophytes, on the other hand, 
are more apt to occur in packets, to be Gram-negative, to grow 
abundantly on artificial média, best at 20®, to produce yellow and 
red pigments, and to exert little action on sugars and gelatin. The 
air cocci are generally intermediate in character between the two 
groups, but show spécial powers of nitrate réduction. 

2. Groufing of Cells, and Dimensions. 

The cocci, as noted above, were divided into two classes only, 
according to the character of the cell aggregates; 155 cultures showed 
the packets or sarcina-grouping, and 345 did not. 



Corrélation bbtwsin 


TABI£ 10. 

Ckll-Gkoupiho and GtAM Stain. 


Gram Stain 


ItTcgular Croups 
and Chains 


Packets 


_ 


17a 


70 


± 


48 


-f. 


37 







We hâve pointed out above that packets are most abundant among 
the saprophytic cocci of the earth and water. Table 10 shows 
the relation between cell-grouping and the Gram stain, clearly 
indicating that the packets tend to be Gram-negative, while a ma- 
jority of the other forms give a positive reaction. 

Table 11 shows a distinct corrélation between cell-grouping and 
the vigor of surface growth. A large majority of the non-packet- 
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forming organisms produce only very faint, meager, or good growths 
while a large majority of the sarcinae form abuiidant or very heavy 

TABLE 11. 

COKKKLATION BXTWXBN CxLL-GkOUPINO AMD SUBFACB GrOWTH. 



Surface Growth 


Irregular Croups 
and Chaîna 


Packets 


Weryiùat 


18 

x6 

169 

13a 

xo 


X 


MeâffCT 


4I 


Good 


Abundant 


58 


Very heavy 


âS 







growths. The fact that the packet-forms flourish on artîficîal média 
should naturally resuit from their saprophytic origin. 

TABLE xa. 

CORKXXJiTlON BXTWEEN CxLL-GbOUPXNO AND THB FkRMKMTATION OF DIXTRO8X BrOTH. 



Add Pjroductkm 
(Per Cent Normal) 


Irregular Groupa 
and Chaina 


Packets 


and under 


58 

xa8 

87 
16 


K« 


o.x-o.a 

0.3-0.6 


54 
a? 


0, 7~a.o 


ao 


a . and ovcr 


I 







TABLE 13. 

CoiaXLATlON BRWXXN CbLL-GrOTTFING AMD THB FbRMKNTATION OF LaCTOSB BbOTH. 



Add Production 
(Per Cent Normal) 


Irregular Groups 
and Chains 


Packets 


— o.a and more alkaline 
0. 1 and 0.0 


38 

"3 

X04 

7a 

x8 


XI 
01 


0.1-0.4 


16 


0. <— 1.4 


1 . 5 and over 


a 







A marked corrélation between the packet-fonning organisms 
(presumably saprophytic) and the fermentation of sugars is mani- 
fested in Tables 12 and 13. Taking Table 12 as an illustration, 
there will be found to be about 60 per cent of the packet-formers 
producing alkali, or, at most, fermenting dextrose but sUghtly (to 
0.2) — almost none of the organisms occurring in the class of highest 
acid producers. Conversely, 70 per cent of the organisms which 
do not form packets produce acid from 0.3 up to the highest amount. 

The power to reduce nitrates appears with about equal regular- 
îty in both our morpholôgical groups. 
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TABLE Z4« 

COSKSLATION BKTWKXM CkLL-GrOUPIMO AMD OPTIlCniI TBimEKATOKS fOR GkOWTH. 



Optimum Tempentore 

ao» 

ao*or37* 

37- 



Inegular Groups 




PackeU 



14 



A slight but distinct corrélation appears betwoen grouping and 
optimum température for growth. In each case most of the cultures 
grow at 20^ or 37^ indifferently; but a fair proportion of the more 
saprophytic sarcinœ show better development at 20^, while among 
the other forms more find an optimiun at 37^ than at 20^. With 
regard to the optimiun température for color formation there is a 
slight difiFerencCy only two-fifths of the sardnae showing more chromo- 
genesis at 20^ than at 37^, against one-half of the other cultures. 
This, as we shall see later, is probably connected with a différence 
in chromogenesis. 

TABLE is« 

COKRKLATION BKTWXXH CbLL-GsOUTINO AMD GkLATOT LlQUXrACnOlff. 



G«Utin Liqiiefaction 
(an.) 


Inegular Groups 
andChains 


Packets 


0.0. 


la? 

IIO 

108 


59 
67 


0. 1— x.s cm 


X . 6 sud w ...... ^ - . . 


ao 







Table 15, for the relation of gelatin liquéfaction to morphology, 
shows only that the highest grades of liquéfaction are somewhat 
less niunerous among the packets than in the other group. 

The results obtained with regard to the size of the individual 
cell were much less suggestive than the facts conceming cell-grouping. 
Dimensions were measured in ail cases on the stained spécimens, 
and were recorded independently on at least two occasions. The 
attempt was made to note in each case the extrême diameters observed, 
and the values finally adopted represent the average between the 
recorded extrêmes. Individual cells ranged from 0.1 to 2.0 aa. 
With the packets it was f ound impossible to détermine the maximiun 
size of the single cell, on account of the fréquent occurrence of small, 
recently formed packets which stained as a whole like one œil. 
We never felt certain that what appcared like a large cell was not 
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really a group of cight small ones. The saxcinœ in gênerai showed 
qnite small individual units, o.i oro.2A^ asa rule, with no constant 
déviations. The packets are therefore entirely omitted from the 
considération of dimensions. 

The average sizes of the 345 cultures, not occurring in packets; 
are grouped in convenient classes in Table 16 and plotted in Fig. i. 

TABLE x6. 
Dnfzmioiis ov 345 Côoci. 



Sue, aYcrage* » . . . . 
Number of caltures 



o.i 
aa 



o.a 
8a 



0.3 
113 



0.4 
60 



o.S 
40 



0.6 
la 



0.7 
7 



0.8 
6 



0.9 

I 



x.o 

a 



The sizes of the cocd studied are evidently distributed on a fairly 
normal curve of f requency. The mode is at o. 3 A^ and the curve 
is markedly skew, with infinité extension toward the larger sizes. 
The important practical point is that the fôrms measured appear 
to behave like a fairly homogeneous séries varying about a single 
mode. 

We hâve made tentative calculations of corrélation between cell 
dimensions and othcr characters, with almost entirely négative resuit. 
The only property showing any relation is that of gclatin liquéfaction. 

TABLE 17. 

CoUkKLATlON BKTWXXH CxiX DdIKNBIONB AND GkLATIM LlQUXPACTION. 



GeUuin Liquéfaction 
(cm.) 


Maximum Sûte 
0.3^ and under 


OftT 0.311 


0.0 


47 
65 
69 


78 


0. I— 1.5 


A7 


1.6 and oircr 


39 





An appréciable inverse corrélation is shown between the size 
of the cell and the rate of gelatin liquéfaction, the smaller cocd 
liquefying most readily. 

3. Gram Stain. 

We hâve pointed out above that the reaction of the cocci to the 
anilin-oil-iodin stain is a variable character, many forms showing a 
positive reaction on onc occasion and a négative réaction whcn next 
tested. Nevertheless the test, variable as it is, shows quite constant 
relations to other characteristics; and we feel convinced that among 
the cocci where ail characters are more or less fluctuating any prop- 
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erty which on the average shows a definite corrélation with other 
properties bas systematic significance. 

Of the cocd studied, 145 showed in two tests a Gram négative 
reaction on both occasions, and 209 tipro positive reactions, while 
146 were once stained and once decolorized. Grouped thus in 
three divisions, we hâve seen that the positive reaction is charac- 
teristic of the parasitic fonns, while saprophytic forms and packets 
tend to be Gram négative. With surface growth only an insignifi- 
cant relation appears, the less richly growing forms showing a slightly 
higher proportion of positive reactions. 

TABLE x8. 
Corrélation bitwbxn Grak Staot and the Fericentation of Dextrose Broth. 



Addity Prodaœd 
(Per Cent Normal) 


Gram Négative 


Gram Variable 


Gram Positive 


0.0 and ovcr \ 


40 
48 

35 
xa 

X 


44 
ag 

45 
a6 

a 


xa 


0. i-o.a 


33 
75 
60 


0.3-0.6 

0.7— a. 


a.i and over 


U 



TABLE X9. 
Corrélation betwebn Gram Stain and the Fermentation or Lactose Broth. 



Addity Prodaœd 
(Per Cent Normal) 


Gram Négative 


Gram Variable 


Gram Positive 


-o.a and mosealkaline 

-o.x and o.o 

o.x-0.4 

0. 5-1.4 


ao 
7» 
34 
19 




14 
8a 

«4 

ao 

6 


15 
50 
Sx 

AQ 


1 . 5 and over 


14 



The relation between the Gram reaction and the fermentation 
of carbohydrates is a surprisingly close onc. Each Une in Tables 
18 and 19 showing the distribution of organisms among the grades 
of acidity forms a regular curvc. In each case the mode of the 
Gram-ncgative cultures occurs at the neutral point, and that of the 
Gram-positive cultures at a moderately high acidity, with the doubt- 
ful cultures showing an intcrmediatc relation. 

TABLE ao. 
Corrélation between Gram Stadt and Optimum Température for Growth. 



Optimum Température 


Gram Négative 


Gram Variable 


Gram Positive 


ao* 


34 

"1 


«9 
89 
a8 


ao 


ao' or t7* 


X41 


«7* 


46 
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With nitrate réduction and the optimum température for chro- 
mogenesis the Gram reaction shows no spécial relations. With 
optimum growth température, on the other hand, Table, 20 shows 
a distinct connection. As always, most of the cultures grow equally 
at both températures. Among the decolorized cultures, however, 
a fair proportion grow best at 20®, while with the positive forms 
37° is most favorable. Such a relation would, of course, be expected 
from the generally saproph)rtic habit of the négative forms. 

The liquéfaction of gelatin does not show any distinct relation 
to the Gram reaction. On the whole, therefore, we may conclude 
that the cocci which decolorize by Gram are generally earth and 
water forms, which notably fail to ferment sugars, and which grow 
best at 20®. The marked corrélation with the power of acid pro- 
duction, in the absence of other equally marked relations, seems 
to invite further study of the physiological basis of thèse properties. 

4. Surface Growth. 

The cocci studied were divided into five gioups according to the 
vigor of surface growth on agar. The first gioup, of "very faint" 
growths, includes 19; the second group, of "meager" giowths, 
includes 21 forms; "good" and "abundant" growths occur 215 
and 190 times, respectively; and 55 cocci show "very heavy" 
growths. 

TABLE ai. 

COKUtLATION BETWKXN SURFACB GlOWTH AND THS PsKIOirTATlON OF DkXTROSB BbOTH. 



Addity Produoed (Per Cent 
Normal) 

o. o and alkaline 

o.i-o.a 

o.3-t>.6 

0.7-a.o 

a .0 and over v 



Very Faint 


Meager 


Good 


Abondant 


3 


a 


43 


41 


X 


3 


41 


SI 


J 


II 


76 


54 


5 


4 


53 


39 


7 


X 


3 


S 



Very Heavy 

«3 

14 
xa 

5 

I 



TABLE aa. 

COIKBLATION B M ' WEEM SUVFACB GbOWTH AND THB FbKIOMTATION OF LaCTOSB BROTH. 



Acâdity Produoed (Per Cent 
Normal) 

-0.2 and more alkaline 

-o.x and o.o 

0.1-0.4 

0.5-1-4 

X . 5 and over 



Very Paint 


Meager 


Good 


Abondant 


a 


3 


x8 


22 


a 


1 


80 


87 


5 


65 


49 


a 


4 


47 


«7 


8 


I 


5 


5 



Very Heavy 

5 
30 
II 

8 

X 
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We hâve seen above that the feinter giowths are characteristic 
of the parasitic forms, and the heavier ones of the earth and water 
cocd. The heavier growths are more common among the packets 
than with other cell groupings. 

In comparing the vigor of surface giowth with the fermentation 
of carbohydrates, a distinct relation appears at the ends of the scale^ 
although the bulk of the growth, under the headings "good" and 
"abundant," exhibit unifonn characteristics. The "very faint'* 
growths, which dénote members of the genus Streptococcus, as pre- 
viously defined, are associated with a majdmiun of add production 
falling in the highest addity class in each sugar table. On the other 
hand, the "very heavy" growths are mainly forms which fail to act 
on either sugar. 

TABLE 93. 

CORKXLATION BRWXXN SuRVACB GrOWTH AMD NiTRATB RxOUCTION. 



Very HotTy 



No réduction . . . . 
NHriteB fonned . . 
Ammonia f ormed 



Very Paint 


Meager 


Good 


Abundant 


19 





18 

a 
I 


«73 

93 


11 

29 



39 
5 

13 



Surface growth and nitrate réduction show a suggestive relation. 
Among the very faint growths of the Streptococcus type no réduc- 
tion occurs, and almost none among the "meager" forms. The 
"good" and "abundant" groups shpw an increasing proportion 
of reducing organisms, and the "very heavy" group shows many 
ammonia-formers and a fair proportion of nitritc production. 

' TABLE 24. 

COIKBLATION BKTWXKN SUBFACB GkOWTH AMD GeLATIM LlQUXrACTlOM. 



Gelatin Liouefactinn 
(Depth m cm.) 


Very Paint 


Meager 


Good 


Abundant 


Very Heavy 


0.0 


19 





'i 

I 


84 
68 


80 
69 
48 


10 


0. i-i -S 


9i 


1 . 6 and over 


90 







With gelatin liquéfaction there cxists the same gioup corrélation 
manifest for the other characters. The "very faint" group shows 
not one liquéfier, and the "meager" group very few, while the more 
vigorous forms exhibit a more even distribution. 

In gênerai, our study of surface growth brings out two distinct 
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groups of organisms. The first group, încluding the forms with 
faint or meager surface development, corresponds to the genus 
Streptococcus as deûned above. It is sharply characterized by high 
acid production and the absence of gelatm liquéfaction or nitrate 
réduction. Cocci of this type are characteristically parasitic, and 
very rarcly show the sarcina grouping. On the other hand, the 
more vigorous forms are generally saprophytic, and frequently 
show packets. They ferment sugar slightly or not at ail, and often 
reduce nitrates and liquefy gelatin. 

5. Fermentation of Casbohydrates. 

In measuring the amount of acid produced in dextrose and lactose 
broth, two check déterminations were made in each case, and the 
figure finally rccorded was the avcrage of thèse two déterminations. 
The correspondence between the two tubes was generally close. 
From 150 cases for each sugar we hâve calculated the probable error 
of a single observation, and find it only +0.043 for dextrose and 
± 0.036 for lactose. Since our readings were only taken to loths 
of a ce, it is évident that even a single détermination would be 
sufficiently accurate for any long séries. 

The gênerai results of the titrations are shown in Table 25 and 
in Fig. 2. It will be noticed that with both acids the organisms are 
ranged with fair regularity about a single mode. The majority 
of the cultures studied produce an addity of 0.1-0.2 per cent 
normal in dextrose, and fail to ferment lactose at ail. In either 
case a few cultures only show an alkaline reaction, and with lactose 
less than half of the organisms form acid, giving the curve for that 
sugar a very acute form. The curve for dextrose falls off much 
more slowly, and shows slight secondary modes at acidities of 
0.5-0.6 per cent normal and 1.3-1.4 per cent normal. Finally, 
both curves show an extraordinary extension in the direction of 
the higher acidities. It will be noticed that for each sugar several 
of the highest reactions, ranging from 3 to nearly 10 per cent normal, 
hâve been omitted from the chart. We may fairly consider the 
fermentation of the two carbohydrates together, since, as shown 
in Table 26, they are very dosely correlated. The amount of acid 
produced in lactose broth is almost always less than that in dextrose 
broth, but the two vary together. 
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TABLE as. 
AcxD Production in Sugai Bkoths. 



Addity 
Plroduoéd 






Number of Cultures in Each Gxoup 






(PerCent 
Nonnal) 


—0.9-0.8 


—0.7-0.6 


-0.5-0.4 


—0.3-0. a 


— o.x-0.0 


o.i-o.a 


0.3-04 


0.5-0.6 


Lactose 

DeztFoae 


• ■ 


X 

• * 


7 

4 


41 
9 


'U 


86 
xxo 


& 


» 





0.7-0.8 


0.9-x.o 


I . x-i . a 


1.3-1.4 


X . s-x . 6 


X. 7-1.8 


x.9-a.o 


a . i-a . a 


a.3-a.4 


Lactose 

Dextrose 


«3 
45 


xo 

a8 


7 
xa 


4 
13 


5 

6 


a 
a 


X 




3 

4 


a 

X 





a . s~9 • 6 


a.r-a.8 


a. 9-3.0 


3.1-3.» 


3.3 


4.0 


4-3 


4.6 

X 

* • 


4-7 

■ • 

X 


5.9 

X 

• • 


8.a 

• • 

X 


8.6 

• a 

X 


9.7 


T^ctose 


X 

3 


X 

a 


• • 




• ■ 

a 


X 

• a 


• • 

X 


a 

* ■ 




Dextrose 


X 



TABLE a6. 

COKSBLATION BETWBSN FkRIONTATION OF DeXTIOSE AND LaCTOSB BkOTHS. 



Dextrose Add ProductioD 
(Per Cent Normal) 



oand alkaline. 
o.x and o.a. . . 

0.3-0.6 

0.7-a.o 

a.o and over. . 



Lactose 
■o.a and more 
slkalinc 



19 

XX 

XX 

9 

o 



Lactose 
-o.x ando 



7a 
57 

47 
a6 

a 



Lactose 
o.x-0.4 



ï5 

a9 
55 

36 

x 



Lactose 
0.5-1.4 



4 
ï3 
40 

a9 

a 



x.s and ovtr 



X 

o 

X 

6 
xa 



We hâve noted before that the power of carbohydrate fermenta- 
tion is specially characteristic of the pariasitic cocci, and of those 
which do not show the packet grouping. The high acidities are 
also correlated with a positive reaction to the Gram stain and with 
a faint surface growth on artificial média. 

TABLE a7. 

CORRXLATION BBTWZEN FXRNXNTATION OF DkXTKOSE BrOTR AND NiTRATB REDUCTION. 



Dextrose Acid Pro- 
duction (Per Cent 
Nonnal) 


No Réduction 


Nitrtte Found 


Ammonia Found 


and alkaline 

o.x and o.a 


75 
86 

"5 
90 
x6 


X3 

XX 

a8 
x8 




x6 
x6 


0.3-0.6 


x8 


0.7-a.o 


xs 


a.o and over 






Table 27, for the relation between nitrate réduction and acid 
formation in dextrose broth, shows only that the class of strong 
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add-fonners fail entirely to form nitrites and ammonia. A corréla- 
tion table for lactose, which we hâve not thought it necessary to quote 
hère, shows a similar relation. The high acid-formers, it may be 
remembered, belong to the genus StreptococcuSj with its weak power 
of growth on artificial média. 

Our tables of the corrélation between carbohydrate fermentation 
and optimum température fail to show any striking coincidences. 
There is an appréciable tendency for the higher acid-formers to 
grow better at 37°, and for the alkaline or neutral forms to grow bet- 
ter at 20® ; but we hâve not considered this important enough to war- 
rant the reproduction of the tables. 

TABLE 28. 

COKKELATION BBTWSXlff GXLATXN LiQUXFACTION AND FsUaiRATlON OV DbXTIOSS BftOTH. 



Add Productioa 
(Per Cent Normal) 


Gelatin 
NotUquefied 


Gdadn Liquefied 
(0.X-1.5 cm.) 


GeUdn liottefied 
(1.6 cm. ana over) 


and alkalinr 

0. T and o.a 


38 
45 

47 
43 

13 


61 
4a 

36 

I 


la 
aj 


0.3-0.6 


7a 


o.7~a.o 


a7 


a.o and over 


3 



TABLE a». 

COKRElJiTION BBTWKEN GsLATIN LiQUXFACrXON AMD Fb&KBMTATIOM OF LaCIOSK BkOTH. 



Add Production 
(Per Cent Normal) 


Gelatin Not 
Liquefied 


Gelatin Liquefied 
(0.1-X.4 cm.) 


Gdatin Liauefied 
(x.s cm. ana over) 




ao 
91 
49 
13 
13 


Z9 
86 
46 
as 

X 


IX 


"O . T and 


a7 


0. 1*^.4 


41 


0.5— X. 4 


50 


X.5 and over 


6 



The relation between the organisms which ferment the sugar broths 
and liquefy gelatin is shown in Tables 28 and 29. Thèse tables 
may be considered together, as they reveal practically the same law. 
The relation between acid production and gelatin liquéfaction is 
evidently a somewhat complex one. The forms which fail to ferment 
carbohydrates for the most part exhibit a moderate amount of liqué- 
faction. Next comes a group of the moderate acid-producers which 
liquefy most actively. Finally, the highest acid-formers are mostly 
non-liquefiers. We shall get more light on thèse three groups when 
we come later to consider the classes of the cocci according to their 
chromogenesis. 
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To our conception of the non-acid-forming cocci as typîcally 
saprophytic organisms frequently occurring in packets and usually 
Gram-negative, we may add the property of moderate, but not 
very active, liquéfaction of gelatin. The very high add-producers 
are generally parasitic, do not show sarcinae, stain by Gram, grow 
f aintly on agar, and f ail to reduce nitrates or liquefy gelatin. Between 
thèse two groups is a third type which forms a moderate amount 
of acid and produces the most active liquéfaction of gelatin. 

6. Réduction of Nitrates. 

As described above, the tests for nitrate réduction were made in 
parallel in lo tubes, and a marked variation was found in the indi- 
vidual tubes, as shown in Table 30. This is perhaps to be expected, 
since the development of bacteria in such a nutrient médium as nitrate 
solution must be subject to many chance variations in the number 
and vigor of the organisms inoculated. 



Number of Tubes Showing 
Poâdw Tests 

Nitrites 

Ammonia 



TABLE 30. 
RxDucnoN OF Nitrates. 



I 


a 


3 


4 


5 


6 


7 


8 


9 


37 


14 


8 


5 


IX 


5 


XX 


7 


xa 


30 


a6 


ai 


15 


16 


10 


a 


II 


4 



10 



34 

aa 



Table 30 shows a considérable number of cultures yielding posi- 
tive results in one or two out of the 10 tubes tested, less in from four 
to seven of the tubes, and more again giving check results in ail 
10 tubes. In order to compare this property with others, it was 
necessary to distinguish between positive and négative cultures, and 
we hâve therefore considered the test to be positive when five or 
more of the tubes showed some réduction. The cultures then giouped 
themselves into three classes — one a large one, of those organisms 
which did not hâve the property of nitrate réduction, and the two 
smaller classes, in which were those which formed nitrites and those 
which formed ammonia. 

Table 31 shows a somewhat surprising lack of corrélation between 
the formation of the two réduction products for which we hâve made 
tests. Only 17 cultures showed both nitrites and ammonia in fivC 
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or more of the 10 tubes, while 48 cultures fonned nîtrites alone, and 53 
cultures ammonia alone, according to the same standard. It seems 
improbable that in the latter case nitrites had been formed and 
entirely reduced to ammonia. We are incUned rather to conclude 

TABLE 31. 
Corrélation bktwxxh Nmin Formation and Ammonia Formation. 





Nitritea+ 


Nitrites- 


AininoiiiA+ 


X7 
53 


f^ 


Ammonia— 




JWfl 



that two différent types of réduction exist, in one of which ammonia 
is produced directly. 

As regards corrélation with other properties, we hâve seen that 
the production of nitrites, and still more notably that of ammonia, 
is especially characteristic of the cocd isolated from the air. It 
is, of course, possible that this may be indirectly connected with 
the fact that forms which hâve survived drying and dispersai through 
the air must be particularly well adapted to conditions which obtain 
in the nitrate solution. A similar law is apparently manifest in the 
striking relation to vigor of surface growth. The power of forming 
both réduction products increases progressively with the richness 
of surface growth, being entirely absent in the "very faint" class. 
No relation appears between nitrate réduction and optimum tem- 
pérature, and the only other corrélation to be considered is that 
with gelatin liquéfaction shown in Table 32. 

TABLE 3a. 
Corrélation bitwxen Nitrate Réduction and Gelatin LiQUErACiiON. 



GdAtm Liquef actioa 
(in cm.) 


Nitrates 
Net Reduced 


Nitrites Formed 


Ammonia Formed 


j . 


15a 

131 

90 


96 
X7 


13 


t-i 5' 

x.ôandover 


as 

«7 



Table 32 shows the usual large proportion of organisms which 
do not exert nitrate réduction, but it may be noticed that some 30 
per cent of the liquefiers reduce nitrates, against only 20 per cent 
of the non-Uquefiers. Again, only 6 per cent of the non-liquefiers, 
against 16 per cent of the liquefiers, form ammonia. 
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7. Optimum Température. 

We bave divided the cocd into five groups, according to their 
optimum growth température. Forty-one cultures gave "much 
better," and 42 "better," growth at 20®; 335 developed "equally" 
at both températures; 57 grew "better," and 25 "much better," 
at 37^ 

We hâve classed together the first two and last two groups. In 
making the tables it was more convenient to hâve fewer groups, and 
quite as accurate, since the main distinctions (and those not very 
rigid) are shown in "better growth at 20°" or "better at 37®," and 
"equal" growth at both températures, 

We hâve already noted the corrélation between optimum tem- 
pérature and habitat, the parasitic forms growing bcst at 37^, and 
the saprophytic forms at 20®, when any différence appears, The 
sarcinœ belong notably to the second class, as do the Gram-positive 
cultures. Thèse are the only corrélations which hâve so far ap- 
peared. 

We hâve been somewhat surprised not to find spécial corrélation 
between the optimum température for growth and that for color 
production; but no such corrélation appears. With gelatin liquéfac- 
tion also no definite relation appears. 

We hâve observed also the effect of the body and room tempéra- 
ture upon color production, but without important results. Of 
the cocci studied, 69 showed a very much higher chromogenic power 
at 20° than at 37®; 169 showed more color, but not so much more, 
at the lower température; in 245 cases no différence appeared, while 
13 cultures showed more, and 14 cultures much more, pigment at 
37°. We hâve calculated corrélation tables for ail the varions char- 
acters studied, but in no case did any constant relation appear, 
except, as noted later, in connection with the kind of chromogenesis. 

8. Chromogenesis. 

As noted above, chromogenesis was determined by matching 
the pigment dried on white paper against a color chart prepared 
after a thorough study of the colors actually found among the cocci. 
This chart included nine hues, designated by Roman numerals, 
correspondîng to the pigments noted below the figure. Under 
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each hue were ninc différent chromasi indicated by Arabie numerals, 
each figure indicating the number of washes of pure color added 
to obtain the particular chroma. 

The distribution of the organisms studied under thèse différent 
colors is indicated in Fig. 3, where the vertical colunins indicate 
the hues from I (white), through the yellows (II-IV), the oranges 
(V and VI) to the reds (VII-IX), and the horizontal columns the 
successive chromas. 

On inspection of this chart, bearing in mind the colors signified, 
there appear at once four modes - one occurring in each chief color. 

That for the white falls at I„ for the yellows at IV„ for the oranges 
at VIg, and for the reds at Vllg. Thèse are not, of course, the 
points of intensest color, but of the most concentratcd distribution. 
The évident clustering of the individuals around a mode, and the 
conséquent falling-away of the numbers between the modes, sug- 
gest a variation from an ancestral center. Like most Uving things 
govemed by an evolutionary law of graduai change, the hues grade 
so gently into each other that the exact placing of Unes of division 
must be arbitrary. We hâve, however, assumed four divisions as a 
basis for our work, and separated them at the lowest points be- 
tween the modes, as shown by the heavy black Unes in the chart, 
which divide the group of bacteria producing a white pigment from 
that which produces a yellow, the yellow from the orange, and the 
orange from the red. The striking corrélations obtained between 
chromogenesis and other properties hâve convinced us that this divi- 
sion was a Sound and natural one. It should be noted, however, 
that the division of the "white" chromogens includes two sub- 
groups — the true white pigment-formers and the forms which pro- 
duce such a faint surface growth that no distinct color is apparent. 

We hâve omitted the considération of chromogenesis from our 
corrélation tables, except that for habitat, preferring to consider 
aU chromogenic relations under one head. It will appear, on inspec- 
tion of the foUowing tables, that this character is really the key 
by which most of the other corrélations may be explained, and is 
perhaps the most important single factor in the systematic grouping 
of the Coccaceae. 

It was shown under "Habitat" that the white and orange chromo- 
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gens were chiefly parasites, the yellow and red chromogens chiefly 
saprophytic forms. The same distinction is shown in Table 33 with 
regard to cell-grouping. The white and orange cocci only rarcly, 



TABLE 33. 

CoUBLATIOir BBTWXXN ChROMOOENCSIS 


AMD CeLL-GrOOPOTO. 




Cdl-Grouping 


Wbite 


YeIJow 


Orange 


Red 




33 
7 


IS4 

zao 


1J 


15 
10 


Packets. 







the latter very rarely, show packets. The yellow and red forms, 
on the other hand, show the sarcinae-grouping almost half the time. 

TABLE 34. 

CORRSLATION BSTWXXN ChiOMOCEMBSB AMD GkAK StAIN. 



Gram Stain 


White 


YeIJow 


Orange 


Red 




6 

9 

35 


84 
6z 


46 
zao 


15 
7 
3 


± 


+ 





The reaction to the Gram stain exhibits a still more perfect 
corrélation. Among the whites and oranges (the parasitic forms) 
positive Gram reactions predominate, and négative ones are rare. 
Among the saprophytic yellows and reds conditions are symmetri- 
cally reversed. 

TABLE 35. 

CORESLATIOM BXTWXBM ChSOKOOBNKSB AMD SURFACB GrOWTH. 



Surface Growth 



Very faint.. 
Meager — 

Good 

Abundant . 
Very beavy. 



White 


YeUow 


Orange 


14 


3 


a 


3 


6 


za 


7 


zoo 


"À 


ï3 


95 


3 


So 


a 



Red 



o 
o 
z 

34 

O 



A comparison of the gênerai vigor of growth shows that each 
color has its own relation. Among the white forms, two maxima 
appear, one under "very faint" growth and one under "abundant" 
growth. This is because this group is a compound one, including 
forms which give a reaUy white growth abundant in amount, and 
the feebly growing streptococci which are classed hère, although 
they produce no pigment at ail. The yellow and orange chromo- 
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gens show manma imder the "good" growth, almost ail the "very 
abundant" growths belonging to the former class. The red forms 
are abnost ail of one type — the "abundant." 



TABLE 36, 


D P «... 




Add PiodiUMl (Pet Ccnl Notndl 


Whilc 


Vdk» 


Ormao 


Red 


0.3-0 6 

'dS.'. 


'î 


ÎO 


«I 






TABLE 17- 


LACTOra PmËBtTATIOll. 










Add Prwhusl (Pa Cent Konul) 


Whibc 


Ydlaw 


Oruwe 


Ked . 




1 


s 


S 
1 

























The corrélations between chromogenesis and the fenneiitation 
of the sugars are smgularly perfect. The white fonns in each case 
show two maxima, one conesponding to the true white chromo- 
gens, the second, at a higher acidity, to the colorless streptococd. 
The latter include a majority of the strongest acid-producers in 
each case. The other types show for each sugar a regular and cbar- 
acteristic curve, the éléments from wbich the complex curve in 
Fig. 2 is made. The yellow forms show for each sugar a mode at 
the neutral point. The orange chromogens, on the other hand, 
are most abundant at an intermediate grade of acidity, most of 
them produdng 0.3-0.6 per cent acidity in dextrose broth, and 
0.1-0.4 per cent in lactose broth. The red forms show the same 
relation as the orange forms toward dextrose, while in lactose broth 
they rcsemble the yellow chromogens, producîng in most cases no 
change of reaction. 

TABLE 3S. 

COMIILATIOM tWrWIKH CmOKCHimSIS AKD NritATS RXDUCTTOH. 





WUle 


YeDow 


Onnge 


Red 




" 


'U 


li 
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Wîth regard to the réduction of nitrates, the white and colorless 
fonns show generally négative rcsults. Nitrites are produced by 
one in lo of the ycUows, a slightly higher fraction of the orange 
fonns, and by half the red-pîgment-producers. Ammonia produc- 
tion, on the other hand, appears in one in eight of the yellows, one 
in lo of the orange fonns, and not at ail among the reds. 



TABLE 39. 

CORULATXON BKTWEBN CRSOMOGXNXSIS AMD OPTIMUIC TkMPERATUXX POS GsOWTH. 


Opdmum Température 


White 


Ydkm 


Orange 


Red 


JO* 


4 

a8 

8 


66 

156 

3a 


13 
ia6 

4a 


o 


ao' or t7' 


2S 


37« 


O 







Excluding the majority of forms which grow equally at either 
température, it appears that, among the white and orange forms, 
most of those which exhibit any préférence grow best at 37®, while 
among the yellows 20® is more often the optimimi. Thèse results 
accord with the habitats, respectively parasitic and saprophytic, 
of the two classes. 

TABLE 40. 
Corrélation bxtwesn Chromogxnbsis and Optimuic Tïmperaturx for Color Formation. 



Cblor Productkm 



Better at ao" 

Eqiial at ao" and 37" 



White 



a 
38 



Yellow 



90 
X64 



Orange 



"5 
56 



Red 



ai 

4 



It appears from Table 40 that température différences affect 
the production of orange pigment much more than that of ycUow 
and that the body température interfères with red chromogenesis 
most of ail. 

TABLE 41. 
Corrélation betwebn Chromogenesis and GelatoTLiquepaction. 



Gelatin liquéfaction, cm. 


White 


YeDow 


Orange 


Red 


0.0 


a7 
8 
5 


83 
136 

45 


55 
30 
87 


ax 


. 1— 1 .5 


4 


1 . 6 ana over 










The liquéfaction of gelatin présents another close corrélation 
with pigment production. The white and red forms are almost 
ail non-liquefiers, the yellow cocci show a maximiun among the 
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moderate liquefiers, and the orange chromogens exhibit the 
peptonizing power to a high degree. 

To siun up, the coccî show four (or five) distinct groups according 
to their pigment production, each group being marked by a nimiber 
of other correlated characters. The "white" forms rarely show 
packets, generally stain by Gram, fail to reduce nitrates, grow well 
at 37®, and usually fail to liquefy gelatin. They includc two sub- 
groups — the feebly growing, strongly add-producing forms, which 
are really colorless, not white, and the white-pigment-producers, 
which grow abundantly and produce only a slight amount of acid. The 
"yellow" chromogens frequently show packets, are usually Gram- 
negative, give a good to a very heavy surface growth, produce little or 
no acid, occasionally form nitrites or ammonia in nitrate solution, 
grow well at 20®, and show a moderate liquéfaction of gelatin. The 
" orange "-pigment-formers are very rarely packets, stain well by 
Gram, form good surface growths, produce a moderate acidity in 
sugar broth, occasionally reduce nitrates to nitrites or anmionia, grow 
well, but with poor pigment production, at 37®, and generally produce 
a considérable liquéfaction of gelatin. The red-pigment-producers 
are often packets, generally Gram-negative, grow abundantly, ferment 
dextrose but not lactose, form nitrites, but not ammonia, in nitrate 
solution, grow well at 20® or 37®, producing less pigment in the latter 
case, and generally fail to liquefy gelatin. 



9. Gelatin Liquéfaction. 

In the routine détermination of gelatin liquéfaction we hâve 
used only one tube for each culture. Duplicate déterminations 
were made on 79 cultures, from which it appeared that the probable 
error of a single observation is only ±0.12 cm. ; so that our method 
was suflSciently accurate. 

Of the cultures observed, 186 failed to liquefy gelatin, and the 
distribution of the other 314 cultures according to the amount of 

TABLE 4a. 
Gelatin Ltquepaction. 



Depthtncm 

Number of cultures 



0.1-0.5 
33 


0.6-x 
76 


x.i-i.S 
68 


1 . 6-a . 
48 


a . i-a . s 

44 


2.6-3.0 
29 


3.X-3.5 
13 



ovtx 3.5 
3 
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liquéfaction after four weeks is shown in Table 42. Fig. 4 shows 
graphically the skew curve plotted from thèse data. 

There is, as would be expected, a graduai falling-away toward 
the highest amounts of liquéfaction, and the abrupt downward 
falling of the curve toward the non-liquefiers at o is extremely sig- 
nificant as indicating a sharp différence between the two groups. 
If it had been practicable to plot the non-liquefiers on this figure, 
the curve would hâve gone up at an acute angle more than twice 
as high as that of the mode of the liquefiers. This angle divides 
with more than usual deôniteness those organisais which liquefy 
from those which do not liquefy gclatin. 

The corrélations of gelatin liquéfaction with other properties 
hâve been already considcred. We hâve found that a high pepton- 
izing power is rare among the earth and water cocci and the sarcinae. 
It is most frequently associated with the smaller individual cells 
among the non-packet-formers. It is absent or very rare in the cocci 
which show only faint surface growths. Finally, it appears that 
the white, colorless forms which produce high acidities, as well 
as the red chromogens, are non-liquefiers. The yellow cocci which 
produce little acid are moderately active liquefiers, and the orange 
forms with a moderate acid production show the highest pepton- 
izing power. 

IV. CONCLUSIONS FROM THE INVESTIGATION. 
I. Foundation of Subfamilies and Gênera among the Cocci. 

The extrême variability of the cocci has appeared with great 
cleamess in the présent study. Almost every one of the characters 
measured shows a wide range of fluctuations. In view of the gên- 
erai laws of variation, the absence of sexual reproduction, and the 
susceptibility of the bacteria to the direct influence of the environ- 
ment, this is precisely what should be expected. It makcs it, however, 
clearly impossible to draw sharp and arbitrary lines for any single 
character by which individual organisms can be naturally classified. 

If, on the other hand, we examine a séries of individuab with 
the idea of dîsceming central types about which they vary, the prob- 
lem begins to solve itself, since such t)rpes are easily apparent. Cer- 
tain organisms tend to show the packet grouping — some invariably 
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in every aggregate, some less constantly. Other organisms never 
show packets, or only very rarely. Some cocci always stain, and 
some always decolorize, by Gram, while intermediate forms tend 
more or less strongly toward either type. In surface growth two 
distinct types, the faint to meager and the abundant to very heavy, 
are manifest. In acid production there appear to be three centers 
of distribution corresponding to organisms which fail to ferment, 
those which ferment slightly, and those which produce large amounts 
of acid. In relation to nitrate réduction, three types appear, accord- 
ing as the cocci fail to reduce, or form nitrites or ammonia. On 
gelatin the organisms studied group themselves either as liquefiers 
or as non-liquefiers, and in color production four distinct centers 
appear, in which the pigment is white, yellow, orange, or red. 

Our estimate of the value of thèse type-centers is greatly in- 
creased when we find that the central points for the différent characters 
do not vary independently, but are correlated together to a remark- 
able degree. Again, we should expect, and we actually find, in some 
cases, the corrélation of single characters varjdng, those properties 
generally correlated appearing in certain organisms in exceptional 
combinations. If, however, we consider, not the single character — 
not the individual organism — but the aggregate of the corrélations of 
various properties as manifested in a considérable séries of indi- 
viduals, certain well-defined systematic units appear, marked by the 
association of a number of independent characteristics. Such an 
association can be explained only on the ground of relationship, and 
the types marked by the simultaneous occurrence of a number of 
properties may rightly be taken as the centers from which other, 
more aberrant individuals hâve varied. 

The fact that corrélation exists shows that, on the average, the 
fluctuations of thèse characters do not occur independently, but 
are so closely bound up with those of other properties as to vary 
together with them. This may be because the sélective action 
of the environment produces a parallel change in each, or because 
the two characters are so closely bound together, in the physiological 
balance of the organism, that a change in one leads to a corresponding 
variation in the other. In either event it is clear that the larger 
systematic units (families or gênera) must be marked by thèse pro- 



19* C.-E. A. WiNSLow AND Anne F. Rogers 

found modifications of the whole center of gravity of the organism, 
and the smaller groups by those characters which, though perhaps 
showing sharper individual différences, vary by themselves without 
affecting any other properties. 

Our object therefore bas been, not to establish arbitrary boundary 
Unes, but to discover existing natural types distinguished by the 
association of independent characters. In such a task it is obvions 
that those characters are most important which show the most marked 
corrélations. What thèse characters are must be determined by study 
in each particular group. Chromogenesis or gelatin liquéfaction 
may be of generic value in one family, or may mark only varieties 
in another, as it is, or is not, correlated with a number of other 
properties. In the Coccaceae, for example, the liquéfaction of gelatin 
and the réduction of nitrates appear, when judged by this standard, 
to be of less importance than most of the properties studied. In some 
cases they appear to be significant, but, in most of the groups indi- 
cated, liquefying and non-liquefying forms, and redudng and non- 
reducing forms, run parallel. Distinctions based on such a single 
character alone may hâve spécifie, but certainly not generic, value. 
On the other hand, we hâve been somewhat surprised to find that 
such apparently fiuctuating characters as chromogenesis and the 
reaction to the Gram stain are strongly correlated with a number 
of other properties. 

A gênerai survey of the whole field of variation among the Cocca- 
ceae indicates clearly the existence of two main sets of correlated 
characters, corresponding to the subfamilies which we hâve suggested 
in a previous communication (Winslow and Rogers, 1905). Habitat, 
morphology, staining reactions, surface growth, acid production, 
optimum température, and chromogenesis, ail vary simultaneously 
in one or the other of two directions, defining the two subfamilies 
Paracoccaceae and Metacoccaceae. Thefirst group, comprising most 
of the forms from the body, shows, as a rule, chains and irregular 
cell-grouping, stains by Gram, yields a meager or only fâir surface 
growth, forms acid in carbohydrates, and produces no pigment, or a 
white or an orange one. The other group, from earth and water for 
the most part, often shows packets, decolorizes by Gram, grows well 
on artificial média, fails to ferment carbohydrates, and produces a 
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yellow or red pigment. It must always be remembered that each^ 
character may occasionally be f ound in the group where it usually does 
not occur; but the association of thèse properties in t^ie vast majority 
of cases is very strong. We désire to extend our earlier définitions 
of the two subfamilies by including the Gram reaction and chromo- 
genesis; and the subfamilies as thus modified will be defined at the 
end of this communication. It is a striking fact that thèse two chief 
divisions among the Coccaceae correspond to the two markedly différent 
environments which exist in nature, the body of higher organisms, 
and the outer world. A close correspondence with environmental 
conditions should haturally be expected among such simple asexual 
organisms as the bacteria, and it increases our confidence in the 
reality of the groups established below to find each of them localized 
so sharply in one or other of the two main environments. 

Under the subfamilies we find a second grade of group-indivîdu- 
ality, marked by the association of a smaller number of characters 
than the subfamilies, but still defined by the corrélation of several 
independent properties. Hère morphology, surface growth, and 
chromogenesis appear to be of greatest importance, acid production, 
gelatin liquéfaction, and nitrate réduction having spécial significance 
in certain cases. Five distinct types hâve appeared with considér- 
able cleamess in the présent study. It must be remembered that 
the fundamental corrélations which revealed thèse groups were 
derived in an entirely impersonal way by measurements, made on 
each character independently, generally by différent observers, 
and always without knowledge of the identity of the organism. 
When individual races are considered, it is possible, by transferring 
a few cultures on the border-line in a single character, to show that 
the corrélations are really doser than hâve appeared above. 

By this process we hâve attempted to group our 500 cultures 
under the five subdivisions suggested by the corrélation tables, and 
hâve found the results so satisf actory as to confirm our confidence 
in their reality as natural groups. It seems to us that thèse groups 
are of such importance as to deserve generic rank. Within each 
there is ample room for the establishment of such a rcasonable 
number of species as detailed study may warrant. Good gênera 
must first be recognized, however. It is time that bacteriologists 
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were relieved of such vast and unwieldy and meaningless gênera 
as now burden the science. 

The first of thèse groups centers about a type of organism char- 
acterized by the folio wîng propertîes: it is parasitic m habit and 
grows in irregular groups, often in chains, never in packets; it stains 
by Gram; it grows in a thin film on the surface of agar; it ferments 
both lactose and dextrose with the production of a large amount of 
acid; it fails to reduce nitrates or liquefy gelatin, grows best at 37®, 
and forms no appréciable amount of pigment. This corresponds 
to the genus Streptococcus (Billroth) W. and R., as previously char- 
acterized. We désire to add to our previous conception of the group 
the positive reaction to the Gram stain and the gênerai failure to 
act on gelatin or nitrates. It must always be remembered that this 
genus is defined, not on morphology alone, although its members 
gencrally do show long chains in broth, but by the gênerai complex 
of ail its characters. Individual cultures vary from the type in 
some respects, as must ail aggregates of organisms composed of 
such varying stuff as living protoplasm. 

Of our 500 cultures 18 fall into the genus Streptococcus. Ail 
show the typical morphology (groups and long and short chains) and 
typical surface growth. None liquefy gelatin or reducc nitrates. Of 
our 18 cultures, 15 were from the body and three from polluted water. 
In relation to the Gram stain, 11 cultures showed positive tests, on 
both trials, and only two a négative test, five being variable. Of 
the 18 cultures, nine showed very high acidities, over 2 per cent 
normal, in both acids, some ranging as high as 8 to 9 per cent. The 
averâge value for the whole genus is, for dextrose 2.6 per cent, 
and for lactose i . 7 per cent. It is interesting to notice that those 
cultures which yield lower acidities are also the ones which give 
the négative or variable Gram reactions. Our forms therefore seem 
to fall into two species, 10 of them belongîng to the Str. erysipekUoSf 
showing the very high acidities and the positive Gram reaction; 
the other eight differing in both thèse characters. 

The second of our five groups is marked by a corrélation of char- 
acters, of which the most obvions is the production of an orange 
pigment. In our previous conmiunication we were unable to dis- 
tinguish, from the literature alone, any sharp Une between the orange 
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and yellow chromogens, and included them both under the genus 
Micrococcus. Fig. 3 makes it clear, however, that two distinct 
centers of variation exist, one in the orange and one in the yellow, 
and our corrélation tables show that the two types of organisms are 
so radically différent in every character as to demand their sépara- 
tion into distinct gênera. Furthermore, it is évident that the orange 
chromogens belong with the parasitic Paracoccaceae, and the yellow 
forms with the Metacoccaceae. Nothing could show more clearly 
how necessary it is to make a comparative study of a large séries of 
organisms in order to discem the true relationships of the bacteria. 

For this new genus we suggest the name Aurococcus^ as indicat- 
ing the orange color, which is its most obvious characteristic. Its 
type-form is found on or in the plant or animal body. It occurs 
in groups and short chains, stains by Gram, and produces a good, 
but not heavy, surface growth of an orange color. It ferments 
dextrose and lactose, producing an acidity generally between 0.5 
and I. It grows well, but produces less pigment at 37^. It may 
or may not reduce nitrates and liquefy gelatin. When it does liquefy 
gelatin, it does so rather actively. 

Of the 158 cultures in this group, ail show a good, but not very 
abundant, growth of an orange color; 116 were obtained from the 
body and 30 from the air, only 12 having a saprophytic origin; 147 
show groups and short chains, but no packets; and 11 occasionally 
give the sarcina grouping. Of the 158 cultures, 107 show a positive 
Qram reaction, and only nine a consistently négative one. The aver- 
age addity in dextrose for the whole group is 0.7 per cent normal, 
and for lactose 0.4 per cent normal. Of the 158 cultures only 
six form less than 0.2 per cent add, and 17 more than i per cent 
acid, in dextrose. In lactose there is more variation; 53 cultures 
give less than 0.2 per cent, and 11 more than i per cent, add. 
Of the cultures, 31 reduce nitrates, and 102 liquefy gelatin to an 
average depth of 2.2 cm. — ^a very high value; while 56 organisms 
fail to liquefy. The type-form of this genus is the conmionest pyo- 
genic organism, the M, aureus of Rosenbach. The non-liquefying 
forms, those which reduce nitrates, and those which produce more 
or less add than is common in the genus, may later be set up as 
separate species. 
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The third of our types, lîke the second, has not previously been 
distinguished from the genus Micrococcus; it appears, however, 
to show its own deônite mdividuality, and to belong with the Para- 
coccaœae, although it approaches the saprophytic cocci in certain 
characters. We suggest the name Albococcus for this genus, which 
includes those organisms of which M. pyogenes (Ros.) Mig. is a 
type. They produce a more vigorous surface growth than the strep- 
tococci, with a clear white pigment, and ferment carbohydrates, 
producing a fair amount of acid. They are also distinguished from 
the Metacoccaceae by the gênerai tendency of their morphology and 
staining reactions, and by their habitat. In our séries we hâve 23 
cultures of this tjrpe. AU without exception were obtained from the 
body or from the air, none from water or earth. Ail without excep- 
tion show a good surface growth, white pigment, and division into 
groups and rarely chains, but never packets. Sixteen were uni- 
formly Gram positive and only two uniformly Gram négative. The 
average addity in dextrose broth was 0.7 per cent normal, and 
in lactose broth 0.5 per cent normal. Only three cultures showed 
an acidity lower than 0.2 per cent, and only one culture an addity 
over 1.5 per cent in dextrose. Lactose results, as usual, were more 
variable, nine cultures falling below 0.2 per cent acid, and one above 
1 . 5 per cent. Nitrates were reduced by three cultures and gelatin 
liquefied by 14. The four species which we hâve previously call- 
ed M. pyogenes (Ros.) Mig., M. rhenanus Mig., Af. candicans 
Fliigge, and M. canescens Mig., should belong to this new genus, 
being distinguished, as before, by their relation to acid and 
gelatin. The réduction of nitrates may fumish a basis for the 
establishment of other species. 

The fourth of the gênerai groups which hâve appeared in this 
study is the group of the yellow pigment formers, of which M. lute- 
us and Sarcina vetUrictUi are typical — b, group which differs in almost 
ail its properties from those previously considered. Organisms of 
this type are found mainly in earth and water rather than on or in 
the animal body. They give abundant, to very heavy, growths 
of a yellow color. They frequently occur in packets, generally decol- 
orize by Gram, and fail to ferment sugars or ferment them only 
slightly. They may or may not liquefy gelatin or reduce nitrates. 
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Of our cultures 262 fall under this head, 195 of them coming 
from water, earth, or air, and only 64 from the body; 200 are unî- 
formly or at times Gram négative, and only 62 uniformly Gram pos- 
itive. The average acidity produced in dextrose broth îs only 
0.2 per cent normal, and in lactose broth 0.1 per cent normal. 
Of the 262 cultures only 33 give over 0.5 per cent acid in dextrose 
broth, and only 7 over 0.5 per cent acid in lactose broth; 59 of the 
cultures reduce nitrates; 85 fail to act on gelatin, and 177 liquefy it, 
producing an average liquéfaction of i . 2 cm., scarcely more than 
half the value in the genus Aurococcus. 

This group divides itself, according to cell-grouping, into two 
nearly equal divisions — those which form packets and those which 
do not; 136 belong to the former class, and 126 to the latter. In 
habitat, in Gram staining, and in relation to carbohydrates and 
gelatin both classes are entirely parallel. The gênera Micrococcus 
and Sarcina are, however, so firmly established in common usage 
that it would require very strong évidence of identity to warrant 
dropping either of them. It seems best, therefore, to recognize 
the single character of cell-grouping as having generic value in this 
case, otherwise defining the two gênera by the same characteristics. 
Under Micrococcus will come M. orbicularis Ravenel, M. luteus 
(Schrôter) Cohn, and M. ochraceus Rosenthal; under Sarcina, SL 
subflava Ravenel and S. vetUriculi Groodsir. 

The fifth and last of our gênerai t3rpes includes the sharply marked 
one of the red chromogens. Thèse are entirely saprophytic forms 
which produce abundant surface growths of a red color. They 
may or may not show packets, are generally Gram négative, very 
rarely liquefy gelatin or ferment carbohydrates, and frequently 
reduce nitrates to nitrites, but apparently not to ammonia. This 
is the ôrst case in which we hâve found the action upon nitrates 
markedly correlated with other characters. 

Twenty-five of our cultures fall under this gênerai type. AU 
but one come from earth, water, or air. Only three are uniformly 
positive to Gram, while 15 are uniformly négative. Four of the 25 
cultures liquefy gelatin, and 14 reduce nitrates to nitrites. The 
average acidity in dextrose broth is 0.4 per cent normal, and in 
lactose the average reaction is neutral. One culture in lactose 
and four in dextrose show an acidity over 0.5 per cent. 



204 



C.-E. A. WiNSLow AND Anne F. Rogess 



Hère again the packets (lo in number) and the other forms (15 
in number) are exactly parallel. Both show the same range of add- 
ities and the same peculiar relation to nitrate réduction. It seems 
quite dear that in this case the single character of packet formation 
ought not to be made the basis of a distinct genus. We hâve recog- 
nized among the yellow forms the two gênera Micrococcus and Sar- 
cina out of déférence to custom, which must always play an important 
part in terminology. In separating the red forms from thèse two 
old gênera, however, it seems an unreasonable récognition of a f aise 
distinction to form two new ones on the single character of cell- 
grouping alone. We désire, therefore, to include ail the red-pigment 
forms, characterized by the properties noted above, under one new 
genus, to be called Rhodococcus. M. cinabareus Flûgge, 5. rosacea 
Lindner, and S. incamata Gruber will ail belong hère. Four- 
teen doubtful cultures are for the présent omitted from this generic 
classification. 

It remains only to summarize the characteristics of the six gênera 
studied in this investigation in tabular form, and then to présent 
a systematic statement of the main divisions of the Coccaceae. It 
must be remembered that Diplococcus and Ascococcus havc not 
bcen included in the présent research and are defined solely from the 
the literature. 

TABLE 43- 

CbABACTKSS OP CbSTAIN GmXBA OP THX COOCACXiB. 



Genut 



Sirepioeoecus , 

Àlboeoccus . . . 
Micrococcus.. 

SarctÊM 



^8 

u 

11 



83 

'S 

48 

aa 

4 



<2| 

40& 



o 

7 

o 

o 

100 

40 



II 

8 + 



6x 
68 
70 
as 
«3 

13 



Surface 
Grcwth 



Famt 

Good 

Abundant 

Good toAbim. 
Good to Abun. 
Abundant .... 




a. 6 

0.7 
0.7 
0.3 
o.a 
0.4 






.7 

•4 

S 
.z 

.X 

.0 






o 
ai 
ï3 

n 
56 



Qiroaio- 



Orange. 
Wbite.. 
YeDow. 
Ydlow. 
Red . . . 



l 

t 



•S-8 



o 

6s 
61 
68 

67 
x6 



i 



* Body alooe; air, source of many others. In Aiboeoecus none from water or carth. 

2. Systematic Summaky. 

FamUy Coccaceae: Végétative cells spherical. 
Subfamily i Paracoccaces (Winslow and Rogers): Parasites 
(thriving only or best, on or in, the plant and animal body). Thrive 
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well under anaërobic conditions. Many fonns fail to grow on 
artificial média; none produce very abundant surface growths. 
Planes of fission often parallèle producing pairs, or short or long 
chains, never packets. Generally stain by Gram. Produce add 
in dextrose and lactose broth. Pigment, if any, white or orange. 

Genus i, Diplococcus (Weichselbaimi) : Strict parasites. Not 
growing, or growing very poorly, on artificial média. Cells nor- 
mally in pairs surrounded by a capsule. Includcs D. fmeunwniae 
Weich, D, Weichselbaumii Trev., and D. ganarrheae Neisser. 

Genus 2. Sirepiococcus (Billroth) : Parasites (see above). Cells 
normally in short or long chains (under unfavorable cultural condi- 
tions, sometimes in pairs and small groups, never in large packets). 
Generally stain by Gram. On agar streak efFuscd, translucent growth, 
often with isolated colonies. In stab culture, little surface giowth. 
Sugars fermented with formation of large amount of acid. Generally 
fail to liquefy gelatin or reduce nitrates. Includes 5. erysipekUos 
Fehleisen. 

Genus 3, Aurococcus^ new genus: Parasites (see above). Cells 
in groups and short chains, very rarely in packets. Generally stain 
by Gram. On agar streak good growth of orange color. Sugars 
fermented with formation of small amount of acid. Gelatin often 
liquefied, very actively. May or may not reduce nitrates. Includes 
A, aureus (Rosenbach). 

Genus 4, Alhococcus^ new genus: Parasites (see above). Cells 
in groups and short chains (never in packets). Generally stain by 
Gram. Growth on agar streak abundant and porcelain white in 
color. Sugars fermented with production of a slight amount of 
acid. Gelatin liquéfaction and nitrate réduction may or may not 
occur. Includes A. pyogenes (Rosenbach), A. rhenanus (Migula), 
A. candicans (Flugge), and A. canescens (Migula). 

Subfamily 2, Metacoccaces (W. and R.): Facultative parasites 
or saprophytes. Thrive best under aérobic conditions. Grow well 
on artificial média, producing abundant surface growths. Planes of 
fission often at right angles; cell aggregates in groups, packets, or 
zoôglea masses. Generally decolorize by Gram. Pigment, yellow or 
red. 

Genus 5, Micrococcus (HaUier): Facultative parasites or sapro- 



2o6 C.-E. A. WiNSLow AND Anne F. ROGESS 

phytes. Cells in plates or irregular masses (never in long chains 
or packets). Generally decolorize by Gram. Growth on agar 
abondant with formation of yellow pigment. Dextrose broth slightly 
acid, lactose broth generally neutral. Gelatin frequently liquefied. 
Nitrates may or may not be reduced. Includes M. orbicularis 
Ravenel, M. luteus (Schroter) Cohn, and M. ochraceus RosenthaL 

Genus 6, Sarcina (Goodsir): Exactly like Micrococcus^ exœpt 
that division occurs under favorable conditions, in three planes, 
producing regular packets. Includes S, vetUriculi Goodsir, S. auran- 
tiaca Flugge, 5. subflava Ravenel, 5. teiragena (Mendoza) Mig. 

Genus 7, Rhodococcus^ new genus: Saprophytes. Cells in groups 
or regular packets. Generally decolorize by Gram. Growth on 
agar abundant, with formation of red pigment. Dextrose broth 
slightly acid, lactose broth neutral. Gelatin rarely liquefied. Ni- 
trates generally reduced to nitrites, but not to ammonia. Includes 
R. cinnabareusy Flugge, R. roseus Flugge, R, fulvus Cohn, R, agUis 
(Ali Cohen), R, rosaceus Lindner. and R. incanuUus Gruber. 

V. REFERENCES. 

Aronson, h., 1903. Deutsche med. Wchnschr.f 29, p. 439. 

BiGELOW, R. P., 1904. Wood*s Référence Handbook of the Médical Sciences, S, p. 182. 

BuERGER, L., 1904. Med. News, 85, p. 11 17. 

ChesteRi F. D., 1901. A Manual of Determinative Bacteridogy, New York. 

Chester, F. D., 1904. Fifteenih Annual Report of ike Delaware Collège Agricul- 

tural Experimenl Station for IÇOJ- 
Clark, H. W., and Gage, S. D., 1905. Eng. News, 53, p. 27. 

COIOOTTEE ON STANDARD METHODS OF WaTER ANALYSIS, 1905. JoUT, Infect. 

Dis., Supplément No. i, p. i. 
CoNN, H. W., 1900. Jour. Boston Soc. Med. Sciences, 4, p. 170. 
DuNHAM, E. K., 1903. Abstr., Science, N. S., 17, p. 372. 
Ellis, d., 1902. Centralbl. f. Bakt., Abt. I, Orig., 33, p. i. 
Fischer, H., 1904. Centralbl. f. Bakt., Abt. I, Orig., 37, p. 449. 
FLt)GGE, 1896. Die Mikroorganismen, Leipzig. 

FuLLER, G. W., AND JoHNSON, G. A., 1899. JouT. Ex^er. Med., 4, p. 609. 
Gage, S. D., and Phelps, E. B., 1903. Rep. and Papers Amer. Public Health 

Assoc, 28, 1902 meeting, p. 494. 
G ALTON, F., 1889. (a) Proc. Roy. Soc., 45, p. 136; (6) Natural Inheritance, London. 
HowE, F., 1904. Centralbl. f. Bakt., Abt. I, Orig. 36, p. 484. 
Jordan, E. O., 1903. Jour. H y g., 3, p. i. 
Kendall, a. I., 1903. Rep. and Papers Amer. Public Health Assoc., 28, 1902 

meeting, p. 481. 
Kerner, J., 1905. Centralbl. f. Bakt., Abt. I, Orig. 38, p, 223. 



GeNESIC ChASÂCTERS in THE COCCACEAE 207 

KoLLE, W., AND Otto, R., 1902. Ztschr, f. Hyg., 41, p. 369. 

Meyes, a., 1903. Practicum der boianischen Bakierienhunde^ Jena. 

Meyer, F., 1902. Berl. klin. Wchnschr.^ 39, p. 936. 

MiGULA, W., 1900. System der Bakierieny Band II, Jena. 

Neuiiann, R., 1897. Archiv /. Hyg., 30, p. i. 

Otto, R., 1903. CetUralbl. f. Bakt., Abt. I, Orig. 34, p. 44. 

Pearson, K,, 1900. The Grammar of Science, London. 

Qtjetelet, a., 1846. Lettres .... sur la théorie des probabilités, appliquée aux 

sciences morales et politiques, Brussels. 
RiFLEY, w. Z., 1899. The Races of Europe, New York. 
RoBiNSON, B. L., 1906. Science, N. S., 23, p. 81. 
Smith, T., 1900. Jour. Boston Soc. Med. Sciences, 4, p. 95. 
Smith, E. F., 1905. Bacteria in Their Relation to Plant Diseases, 1, Carnegie Insti- 

tute, Washington. 
Sullivan, M. X., 1905. Jour. Med. Research, 14, p. 109. 
Thokndike, £. L., 1904. Introduction to Ihe Theory of Mental and Social Measure- 

ments, New York. 
Weston, r. s., and Kendall, A. I., 1902. Rep. and Papers ^mer. Public Health 

Assoc., 27, 1901 meeting, p. 402. 
Whipple, g. C, 1902. Technol. Quarterly, 15, p. 127. 

WiNSLOW, C.-E. A., AND RoGERS, Anne F., 1905. Science, N. S., 21, p. 669. 
Woods, F. A., 1906. Mental and Moral Heredity in Royalty, New York. 



THE OCCURRENCE OF ORGANISMS OF SANITARY 

SIGNIFICANCE ON GRAINS* 

Samuel C. Prescott, 

with co-operation of 

Erastus g. Smith, William J. Mixter and Selskar M. Gunn. 

In the development of bacteriology as applied to the sanitary 
investigations of water supply, food supply, and sewage disposai, 
the colon bacillus (B, coli) and certain streptococci {Strept, pyogenes) 
hâve been regarded as of extraordinary significance. This has 
been especially true of B. coli^ which has been studied unceasingly 
and by a large number of investigators almost ever since its dis- 
covery by Emmerich in 1885. Having been early shown to be a 
constant inhabitant of the human intestine, and présent there in 
vast numbers, it is not surprising that it has been regarded as of 
great sanitary significance, and hence one of the most important 
of bacteria. 

The streptococci hère to be considered hâve rcceived less atten- 
tion, as they were more recently discovered, but as they hâve been 
proved to be présent in sewage, sewage effluents, and polluted 
waters, and in the soil which receives the wastes of animal life, 
thèse too hâve been regarded as charactcristic of pollution, and their 
détection has served as a striking confirmation of the évidence 
offered by the finding of B. coli, as an index of fecal contamination 
in water. 

It is the object of this paper to présent a record — incomplète, 
it may be — of the repeated isolation of organisms simulating thèse 
"intestinal forms" in habitats other than those named, and to show 
that they are actually identical in character with B. coli and Strept. 
Pyogenes, are abundant, and of constant occurrence on the surface 
of grains, and in products of milling. 

HISTORIÇAL ACCOUNT. 

The opinion that B. coli is charactcristic of pollution from human 
sources only was long since proved to be erroneous, as it was shown 
by Dyar and Kèith,* Smith," Flint,^ Belitzer,* and Moore and 

*ReoeiTed for publication March 31, 1906. 
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Wright* to be présent in the intestine of many groups of animais. 
More recently a number of investigators in Europe and America 
hâve reported that bacilli in ail respects like the colon bacillus from 
the human intestine, are found in nature where there is no évidence 
of récent or direct fecal contamination. Kruse* and Weissenfeld^ 
declared that B. coli is présent in almost ail waters, good or bad. 

In 1901 one of us*»' isolated from grains and products of milling 
a considérable number of organisms having ail the characteristics 
of B. colif and Papasotiriu'® obtained the same results in Europe 
in an investigation of similar scope. Other workers hâve also pub- 
lished results which lead to the conclusion that organisms presenting 
the characteristics of B. coli are by no means confined to the intes- 
tinal tract of animais, but are widely distributed in nature. 

Investigations on the occurrence of B. coli on plants, either 
healthy or diseased, hâve been made by Gordan," Laurent," and 
Klein and Houston. '^ The last-named workers examined grains 
and many food substances for B. coli^ and although a large number 
of samples werc studied, négative results were obtained in most 
cases, and it was concluded that B. coli was not présent on the grains 
or in the products of milling. Ail thèse cultures were isolated after 
a prolonged preliminary cultivation, generally three days or more, 
in phénol broth or phénol gelatin — a trcatment which we hâve found 
generally causes the colon bacillus to be killed out to a large extent, 
if continued for more than eight hours, and which therefore may 
explain in part their négative results. 

In order to make more certain that the organisms found on grain 
werc not merely bacteria having some of the more striking char- 
acteristics of B. colif we undertook in 1902 a careful comparison of 
cultures derived from the human intestine and from grains. The 
results of this investigation are embodied in this paper. 

In the autumn and winter of 1904 one of us (E. G. S.)** studied 
the organisms occurring on the heads of grain left standing in fields 
far removed from the sources of pollution with fecal matter, and 
a little later Metcalf** conducted an investigation of the flowers 
and grains from rice-fields in South Carolina, but where évidences 
of contamination were not entirely absent. 

The investigation of the occurrence of streptococci was begun 
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in 1894, when the organisms were first reported by Laws and 
Andrewes.*^ Their sanitary importance was not emphasized until 
1899 and 1900, when Houston' ^ laid spécial stress upon the fact 
that streptococci and staphylococci seem to be characteristic of sewage 
and animal waste. Horrocks'^ found them in great abundance 
in sewage and in polluted waters, and showed by experiment that 
they outlived the colon bacilli in samples of sewage, a subject later 
explained'9 in 1902, and iurther discussed by S. K. Baker and one 
of the writers'® the following year. LeGros"' in a monogroph pub- 
lished in 1902 described many streptococci, ail derived from the 
body or from sewage. 

The first investigators in this country to call attention to thèse 
streptococci were Winslow and Miss Hunnewell** in 1901. During 
the same year they were reported by Gage'^ in the sewage of Lawrence. 

The évidence hitherto presented seems to show the streptococci 
to be associated with animal bodies, occurring either on the surface 
or within the intestinal tract. The work hère described tends to 
show that thèse organisms are found in abundance, as is the colon 
bacillus, on certain substances, at least, outside the body. That 
they hâve not been earlier reported is possibly due to a confusion 
of thèse organisms and certain bacterium forms, as is suggested by 
récent work by Heinemann,*' but more probably because nosystem- 
atic search for them has been made. 

The methods of isolation and investigation, and the comparison 
of the characteristics of the organisms derived from grain with those 
of the same species from intestinal sources, may now be most con- 
veniently considered separately. 

COMPARISON OF COLON BACILLI FROM THE DIFFERENT SOURCES. 

Before making a detailed comparison of the organisms from 
the two sources, it is necessary to define the characteristics whîch 
we hâve regarded as typical of B. colù Thèse may be expressed 
as follows: 

Form. — BadlluSy 2-3 m long by 0.5 m wide, with rounded ends. 

Grouping. — Occurs singly, or in short chains or masses. 

Motility. — Actively motile; dlia présent. 

Spore formation. — ^None. 

Staining reactions. — Stains with usual reagents and by Gram's method. 
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Gelatin plate. — ^Thin, small, irregular colonies — ^much as on agar. 

Gelatin stick. — ^Naîl growtb; smaU, somewhat spreading colony at surface; 
gelatin not liquefied. 

Agar plate. — Surface colonies opalescent, neariy drcular, edges smooth. Sub- 
merged colonies clear eut, lenticular. Af ter two or three days surface colonies take 
irregular grape-leaf forms. 

Agar slope. — Twenty hours: luxuriant, moist, opalescent, translucent, white 
growth nanowing from top to bottom. 

Nutrient broth. — Twelve hours: distinct turbidity; i8 hours: slight sédiment; 
after two days, na scum on surface. 

Litmus milk. — Litmus reddened and then decolorized in from 12 to i8 hours; 
milk coagulated; casein not redissolved. 

Patato. — ^Luxuriant, dirty-yellowish growth, later becoming slightly slimy; potato 
not discolored. 

Dextrose broth. — ^Dextrose fermented in from 6 to 12 hours with formation of 

acid and gas. Gas ratio ^q- — - , but may vary even with the same stock. 

Saccharose broth. — Fermented, with formation of acid and generally some gasî 

Lactose broth. — Fermented; acid and gas formed; with less gas, but gas ratio 
more constant than with dextrose broth. 

MaUose broth. — ^Fermented, with formation of add and gas; similar to lactose. 

Litmus lactose agar plate. — Litmus reddened in less than 24 hours; bubbles 
of gas formed. 

Dunham*s solution. — Growth, and pxonounced nitroso-indol reaction in three 
days. 

Anaërobic agar streak. — Thin, transparent growth, somewhat less abundant than 
in aërobic streak. 

Lactose neutral red broth. — Gas formed and color generally reduced to canary- 
yellow (not constant). 

METHODS OF ISOLATION USED. 

In the earlier experiments cultures of the bacteria examined 
were obtained by making infusions of the grains in stérile water 
and plating at once on litmus lactose agar without any preliminary 
cultivation. Variable numbers of colonies were obtained, some of 
which were of acîd-producing bacteria. Thèse red colonies were 
then "fished," the masses of bacteria shaken up in stérile water and 
replated on litmus lactose agar. From the typical isolated colonies 
on this plate broth cultures were made, and after development 
thèse were used as stock cultures for the inoculation of other média — 
viz., gelatin stab, litmus milk, agar stroke, dextrose broth, nitrate, 
and Dunham solution. Hanging-drop préparations and stained 
préparations were made from each culture, and by a comparison 
of the reactions and morphological features with those of B. coli 
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(intestinal) it was found that 25 out of a total of 47 cultures isolated 
gave typical colon characteristics, while several more failed in but 
a single test. Nine cultures were rejected. 

The organisms thus obtained, together with a number of cultures 
of supposed B. acidi Idctici from varions laboratories, were then 
subjected to actual comparison, side by side with 22 cultures of 
B. coli isolated directly from fèces, or from waters known to be 
sewage-polluted. The fecal bacteria were obtained by preliminary 
cultivation of the fecal matter in dextrose broth for four to eight 
hours, and then plating in great dilution on litmus lactose agar. 
It was found that, if this procédure was used, a nearly pure culture 
of B. coli resulted; but if the preliminary cultivation was prolonged, 
the colon bacilli were likely to be overgrown by streptococci, and 
frequently were entirely lost. 

In the first séries, cultures from the sources mentioned below 
conform to the following characteristics : Motile, non-spore-forming 
bacilli producing turbidity in nutrient broth, characteristic growth 
on gelatin plate, surface and needle-growth in gelatin stab; growth 
on potato and in closed arm of the fermentation tube; grow at 
body température and are facultative anaërobes; do not liquefy 
gelatin, casein, or blood sérum; produce gas in dextrose, lactose, 
and saccharose broth; nitrate is reduced, indol formed; milk becomes 
acid and curdles. 

Five cultures of B. acidi UicUci from the University of Chicag^. 

Four " from cormneal. 

Six " " buckwheat. 

Five " " barley. 

Three " " bran. 

One culture from flour. 

One " " breakfast food. 

Thèse cultures give identical results and can in no way be differ- 
entiated from the 18 cultures mentioned below, which are of undoubted 
intestinal origin. 



Ten cultures from fèces. 


Two 


(( 


tt 


the Mystic River. 


One 
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injected peritoneum. 
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pool under snow. 
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poUuted brook. 


One 


tt 


tt 


meadow at Framingham. 
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The following four cultures are without doubt "colon forms," 
although they fail to give typical reactions in a few cases: 

Two cultures fiom fèces failed to reduce nitrates. 
One culture from the North River, Salem, did not ferment lactose. 
One culture fxom fèces failed to ferment any of the three sugars and rendered 
milk alkaline. 

Thirteen cultures from commeal, corn, milk, flour, malt, buck- 
wheat, oats, and laboratory stocks of B. acidi lactici were acid- 
producing organisms that departed widely in character from those 
just described. Thèse on examînation proved to be mostly strep- 
tococci, although during this portion of the work but little study 
was given to them. 

FERMENTING POWER. 

The fermenting power, as measured by acid production, was 
taken as a further means of comparing thèse apparently identical 
organisms. For this purpose the cultures were grown in 2 per 

cent dextrose broth at 37° for 48 hours, and the amount of acid 

N 
determined by titrating 5 ce. of this solution against — NaOH. 

For fairer comparison the same number of cultures from each of 

the two sources were taken. Twenty-one cultures of B, coli from 

N 
unpolluted sources required an average of i . 1 5 ce. of — NaOH 

to neutralize 5 ce of the cultures. Twenty cultures of B. coli from 

N 
fèces required an average of i . 13 ce of — NaOH. Ten cultures 

N 
of streptococci required an average of i .35 ce of — NaOH. 

PATHOGENIC PROPERTIES. 

As a final test for this séries the pathogenic power of the bacteria 
toward guinea-pigs was studied. Three cultures were chosen at 
random from each of the two lots, and fresh broth cultures prepared 
for use as an inoculating médium. 

For the first experiment 0.5 ce of a culture from commeal 
was injected subcutaneously into a healthy guinea-pig, and a like 
amount of a culture from an infected peritoneum into another animal 
of equal weight. The animais exhibited symptoms of fever after 
about 48 hours, but on the third day appeared more nearly normal. 
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On being autopsied, each showed a mass of inflamed tissue at the 
point of inoculation, and from this inflamed portion the baciUi 
were recovered in large numbers. 

As a second test two guinea-pigs were inoculated subcutane- 
ously with i ce. of the same cultures as were used in the previous 
experiment. In this experiment the animais appeared dull, and 
their température fell slightly in six hours, while at the end of 24 
hours the température had risen above normal, and the animais 
were decidedly sick and weak, and showed swelling at the point of 
inoculation. At the end of 48 hours the température had still further 
risen, but no further change was noticeable. One of thèse animais 
was autopsied, the other was kept, and ultimately fully recovered. 

A third pair of animais was inoculated intraperitoneally with 
I ce. of cultures of B. acidi lactici and a culture from fèces respec- 
tively. In this case the animais showed much stronger lésions, 
although death was not caused in 48 hours. As in the previously 
described experiments, no différence could be observed in the beha- 
vior of the cultures from the two sources. On chloroforming the 
animais, cultures taken from peritoneiun and heart's blood showed 
the présence of pure cultures of the germs used for inoculation. 

Two more animais were infected intraperitoneally, one with 
another culture of B. acidi lactici, and the other with another culture 
from fèces. In this experiment the amount of the dose was i . 5 ce 
in each case. A sharp température drop was observed in six hours, 
and in 24 hours each of the animais was dead. Cultures made 
from blood and peritoneum gave a pure growth of JB. coli. 

Thèse experiments show conclusively that the pathogenic power 
of the organisms derived from grain is fully as great as with the 
intestinal or more nearly parasitic colon bacilli, and, we believe, 
offers a strong support to the proof of their actual identity. Some 
more récent work by Gordan'* has shown the pathogenic properties 
for white mice of organisms derived from bran. 

In ail investigations thus far reported some doubt might be cast 
on the integrity of the samples, or at least there is a possibility of 
contamination from handling or manufacture. To eliminate this 
objection, the foUowing work was carried out during the late autumn 
and winter of 1904. In November a field of rye was found by one 
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of us in western Massachusetts, which, owîng to the scanty growth, 
had not been eut. The field is of light soil, on a sandy, level, open 
plain, and sîtuated well back from a little-traveled country road, 
and far from human habitation. Inquiry showed that the field 
had not been fertilized^and that no cattle had ranged through the 
grain during the year. This stand of grain, therefore, may be 
taken as a typical open-country growth, free from contaminating 
influences. From this field heads of grain were picked with steri- 
lized forceps and put into sterilized glass tubes. Thèse heads were 
incubated separately in broth for 24 hours, and then cultures on 
litmus lactose agar were prepared, following the usual procédure. 
On December 10 and January 17 two more lots of grain heads were 
treated in similar manner. In ail, 34 heads from this field of rye 
were studied, and from six of them organisms were isolated giving 
the reactions of the colon bacillus on ail ordinary média and with 
neutral red lactose broth. It will be recalled that thèse heads were 
taken at random over the whole field after they had stood through 
the storms of the fall and snows of the early winter. Other heads 
of rye gave acîd-producing organisms, but not those exhibiting the 
typical colon reactions in ail respects. 

The occurrence of acid- and gas-producing organisms under thèse 
conditions has been known for several years, as it was shown by 
Underwood and one of us'* in 1897, and again in 1898, that acid- 
producing organisms of numerous types are of common occurrence 
upon the ears of sweet corn beneath the husks, and upon the surfaces 
of peas in the pod, with practically complète protection from con- 
tamination from the extemal world. 

Although in the investigations cited only the résistant types of 
organisms were thoroughly studied, the more récent work shows 
the strong probability that organisms of the colon and Strept, pyogenes 
types were likewise présent. Further évidence on this point is afforded 
by some experiments begun by us in Wisconsin, in which we exam- 
ined a large number of kernels of corn from ears carefully selected 
in the field because of their isolation from poUuting substances and 
further protection from closely packed husks. Although the experi- 
ments were not carried out in the great détail of those previously 
described, the presumptîve tests first employed gave strong évidence 
of the abundance of thèse bacteria on the grain. 
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EXAMINATION OF GRAINS FOR STREPTOCOCCUS PYOGENES. 

The investigations hitherto described hâve aimed to point out 
the common occurrence of B. coli on the Graminese. 

To give greater interest and value to this work, it was deemed 
désirable to extend its scope by an inquiry into the character and 
constancy of occurrence of streptococci. 

To put the problem in more concrete form: Are the two classes 
of organisms, colon bacilli and streptococci, of constant occurrence, 
and if so, do they présent any biological relation to each other simi- 
lar to that existing in sewage or polluted water? 

ISOLATION OF BOTH B. COU AND STREPTOCOCCUS pyOgCfieS. 

It has been shown by one of us that when B. coli and Strept, 
Pyogenes are both present in a sample of water or sewage, inocu- 
lation from the sample into dextrose broth and incubation at 37** 
gîves a development of B. coli in the first few (six to twelve) hours, 
while at the end of 36 to 48 hours the streptococci are predominant. 
Applying this procédure to grain, we hâve found that of a very 
large number of experiments nearly ail hâve shown the occurrence 
of both organisms. 

Thirteen cultures of the colon bacillus isolated from the following 
sources proved to be identical: 

Seven cultures from wheat. 
Two " " buckwheat. 

Two " " rye. 

One culture from barley. 
One " " oats. 

The purpose of the colon isolations was to confirm earlier results 
and détermine if both kinds develop true to the type. 

Plating from the dextrose broth culture on litmus lactose agar 
as soon as gas formation was well begun gave a predominance of 
the colon-type organisms, while after 24 hours the streptococci 
were present in abundance. We hâve, therefore, not only constant 
occurrence of both types, but the same course of development in 
dextrose broth cultures with grains and with sewage — a fact which 
may hâve great practical significance in sanitary work. 

Comparison of this last séries of cultures with the first séries will 
show the constancy in biochemical reactions and morphological 
features of the colon bacilli from ail sources. 
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This set of cultures of B. coli was further compared with the 
intestinal organisms by a study of the staining relations, with the 
resuit that the organisms were found to react toward dyes in the same 
manner, with the usual staining methods as well as by Gram's method. 

COMPARISON OF STREPTOCOCCUS PYOGENES FROM GRAIN 
AND FROM INTESTINAL SOURCES. 

Having shown the constant occurrence of streptococci, their com- 
parison with intestinal organisms of the same genus is of interest. 

The form of most significance in sanitary work is Sirept. pyogenes^ 
the "sewage streptococcus." This organism présents the following 
characteristics: 

Form. — Coccus, im in diameter. 

Crouping. — Occura in short chains, often in pairs. 

MotUUy. — Non-motile. 

Spore formation. — ^None. 

Gelatin plaie. — Small colonies, similar to those on agar; no liquéfaction. 

GekUin stab. — ^Nail growth, apparently made up of isolated colonies; veiy slight 
spreading on surface. 

Agar plate. — Colonies small; under low power somewhat irregular in form; 
edges smooth. 

Agar streak. — Faint dotted growth in 24 hours. 

Brotk. — Faint turbidity and perceptible sédiment in 18 hours; on shaking, sédi- 
ment lises in spiral. 

LUmus milk. — ^Twelve hours: slightly add; litmus slightly decolorized; 18 hours, 
strongly add; 36 hours, coagulated. 

Potato. — ^Invisible or hardly perceptible white growth after three days. 

Dextrose broth. — Eighteen hours: strongly add; no gas; sédiment and slight 
turbidity in both arms. 

Saccharose broth. — ^Eighteen hours: sédiment and turbidity, but no évidence 
of change of sugar. 

Lactose broth. — Same as dextrose broth. 

Maliose broth. — Same as dextrose broth. 

Litmus lactose agar plate. — ^Twelve hours: litmus reddened; colonies small 
with pink tint as if colored by litmus. 

Dunham's solution. — Apparently no growth; no îndol produced. 

Anaérobic agar streak. — ^Dotted growth similar to aërobic, but rather less strong. 

The cultures isolated from the grains were compared side by side 
with a set of streptococci isolated directly from fèces. Only those 
organisms showing typical morphological appearance in stained prépa- 
ration were used in this comparison. Three cultures of Strept. pyo- 
geneSy eight from rye, six from oats, three from buckwheat, one from 
wheat, and eight cultures from fèces ail proved to be alike in their cul- 
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tural features as well as morphologîcally. They likewise exhibît the 
same staining reactions, colorizing readily with the usual stains and 
also by Gram's method. 

COMPARISON OF ACID PRODUCTION. 

The comparison of acid-producing power of the organisms was 
made as a f urther test of their identîty. For this purpose we made use 
of I per cent lactose broth and i per cent maltose broth, both made with 

reaction o.o at the beginning of the experiment. 

N 
The acidity was determined by titration against — NaOH, using 

phenolphthalein as an indicator. 

The acid in the lactose broth cultures was measured after 96 hours, 
and in the maltose broth cultures after 48 hours. 

Five cultures of streptococci from grains required an average of 

N 

2.48 ce. of — NaOH to neutralize k ce. of the cultures in lactose 
^20 ^ 

broth. 

Five cultures from fèces required an average of 2.51 ce of 

N 

— NaOH cultures in lactose broth. 
20 

Six cultures of streptococci from grains required an average of 

N 

1 . 78 ce of ~ NaOH to neutralize 5 ce of cultures in maltose broth. 
' 20 •^ 

Five cultures from fèces required an average of 1.83 ce of 

N 

— NaOH cultures in maltose broth. 
20 

Thèse results show that there is no essential différence in the acid- 
producing power of the organisms. Taking the averages — 2 . 48, 2 . 5 1 , 
1.78, and 1.83, respectively — it is obvions that the différences are 
quite within the expérimental error in a détermination by this method. 

Judged by biochemical or microscopical characters and fer- 
menting powers, it is impossible to distinguish between the organisms 
from the two sources, and we must regard the species Strept. pyogenes, 
as well as B. coli, as having a very wide distribution in nature, and 
not merely associated with animal organisms. Its occurrence appears 
to us to be in some way correlated with the présence of carbohy- 
drate food, and it is évident that it can obtain this either in the intes- 
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tine of man or on the developing flower or seed of a plant, especially 
one in which sugar storage takes place abundantly as in the grains. 

SUHMARY AND CONCLUSIONS. 

As a resuit of the comparative investigations which hâve just 
been described, we hâve succeeded in establishing a spécifie agrée- 
ment between the organisms corresponding to the graminal B, coli 
and Strept. pyogenes and the intestinal B. coli and Strept. pyogenes 
in the following ways: (i) in the cultural reactions; (2) in the 
morphological and biological characteristics; (3) in the fermen- 
tative powers and for the colon-like forms; (4) in the pathogenic 
properties. 

The évidence is so positive and so complète as to lead to the con- 
clusion that the identity of thèse so-called groups is absolute. 

It would seem as if the study of the distribution of thèse germs 
had hitherto been neglected in much the same way as was, until 
recently, the case with the tetanus bacillus as well, with one marked 
différence. The latter has always been thought to be an inhabitant 
of garden earth, and out of its normal environment when in the 
human body. Now it has been found to be always présent in the 
fecal discharges of many ruminants,*^ and we come to the question: 
Which is the normal environment — ^the earth, the animal body, 
or both? The colon bacillus, on the contrary, has always been 
considered the typical intestinal bacillus, and abnormal elsewhere. 
Our work has led us to suppose that it is normally présent either 
in or on many vegetable tissues, and we are inclined to believe that 
investigators who hâve reported B. coli in vegetable tissues hâve 
not necessarily found germs of immédiate intestinal origin, as gen- 
erally suggested, but simply were not aware of its wide distribution. 

The results obtained in this investigation possess considérable 
interest from both the theoretical and the practical standpoints. 
Naturally, question first arises as to their origin. Hâve thèse organ- 
isms been transported through the air as dust, or carried by insects 
contaminated with animal excrément, and thus gained access to 
the grain? Assuming this to be the case, it is difiicult to explain 
the numbers and persistence of thèse forms on grain far removed 
from contaminating materials in unfertilized fields. While admit- 
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ting the possibility of this vîew, it seems to us unlîkely. The other 
alternative is that thèse organisms are constantly associated with, 
and of normal occurrence upon, the grain heads; that they find suf- 
ficient sustcnance to support life, or even to increase in numbers; 
in other words, that they show a mild form of association or semi- 
parasitic relation with the plants on which they develop. It seems 
unreasonable that organisms exhibiting such marked identity in ail 
détails of growth and cultural behavior should be regarded as of 
différent species. More likely thèse organisms bear much the same 
relation to the sugary heads that B. subtilis does to the stalks of hay, 
or SirepL hollandicus to Pinguicula, or the nitrogen-fixing bacteria to 
the légumes. With this view, it is easy to see how the organisms 
could find their way to the animal intestine where the température 
and food conditions for rapid development are idéal. Nor is it sur- 
prising, in view of the careful and exhaustive search for bacterial 
proofs of contamination, that the organisms in the intestine should 
first be sought, and, because of their abundance, regarded as origi- 
nating in this habitat. The explanation made possible by regarding 
thèse species of bacteria as constantly associated with the starch-pro- 
ducing grains is not only simpler, but in our opinion fits in more 
readily with ail the observed facts. Probably many more such asso- 
ciations of certain species of bacteria with plants which can supply 
their food requirements will be observed in the future, and hère is 
certainly an interesting field for research. 

While thus of interest from the gênerai biological standpoint, 
it is in their bearing on the questions relating to sanitary bactérie- 
logical practice that our observations hâve the utmost importance. 
Whatever may be the origin of the individuals whence thèse organisms 
hâve been developed, their présence on the grains suggests sources 
of the colon bacilli and streptococci in water other than direct sewage 
pollution. Whether the organisms find their way from grain to 
natural waters can be determined only by an exhaustive study of 
the bacteriology of unpolluted streams in a new grain-producing 
région such as western Canada. 

Certainly the présence of small numbers of thèse organisms 
must be interpreted with the utmost discrétion. As a resuit of 
careful study, we are not inclined to believe that our results invali- 
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date the bacteriological examination of waters, for the eastem states 
at least, except in the immédiate neighborhood of grist-mills, etc.; 
but they certainly render it imperative that great care should always 
be used in the interprétation of results. Certainly the old and fast 
rule conceming the significance of the présence of any "intestinal 
forms" as prima facie évidence of sewage pollution must be most 
discriminately applied. 

Whether our results will involve any change in the criteria now 
in vogue in judging of the character of a water can only be a matter 
of conjecture until work on the waters of grain-producing régions 
has been carefully conducted. It seems obvious that at least inspec- 
tion of watersheds by the trained bacteriologist is necessary, and 
that no adverse opinion should be based upon the results of a single 
bacteriological examination without eliminating this possible source 
of entrance of bacteria of supposedly suspicions character. 
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A STUDY OF THE NUMBERS OF BACTERIA DEVELOP- 
ING AT DIFFERENT TEMPERATURES AND OF THE 
RATIOS BETWEEN SUCH NUMBERS WITH REF- 
ERENCE TO THEIR SIGNIFICANCE IN THE 
INTERPRETATION OF WATER 
ANALYSIS* 

Stephen DeM. Gage. 

In the judgment of the quality of a water many factors must be 
taken into considération by the person making the mterpretation. 
Until within a few years it was the custom to base such an interpréta- 
tion upon the sanitary survey of the source of the water and upon the 
results of a few chemical déterminations. As the value of sanitary 
analysis became better known and more analyses were made, varions 
discrepancies were noted between the différent factors used in the 
interprétation; and the correct interprétation became more compli- 
cated as the number of chemical déterminations was increased. 
With the inception of bacteriological methods of analysis, it was 
believed that a détermination of the number of bacteria would prove 
a good criterion to the character of a water. Extended examinations, 
however, proved otherwise, and the détermination of numbers of bac- 
teria became merely an additional factor to be used in the interpré- 
tation. More recenUy déterminations of specific-groups of bacteria, 
such as B. colij the sewage streptococcus, and the B, sparogenes groups, 
hâve been largely exploited, and hâve proved of more or less value in 
indicating the character of the water; but as the distribution of thèse 
groups has become better understood, the results of thèse spécifie 
bacterial tests hâve also been found to require interprétation. As the 
subject stands today, the sanitary quality of a water is usually deter- 
mined by a critical study of the data obtained, first, from a sanitary 
siurvey of the source of the water; second, from the results of a num- 
ber of chemical procédures; and, third, from the results of bacterio- 
logical tests. The chemical procédures of most value are détermina- 
tions of the nitrogen as free ammonia, as albiuninoid anmionia, as 

^Recd^ed for publication Febniary 13, 1906. 
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nitrates, and as nitrites; of the chlorine and of the oxygen consumed 
from permanganate; although déterminations of odor, color, turbidity, 
iron, hardness, etc., may enter into the considération of the use of a 
water for one purpose or another. In the bacterial anal3rsis we hâve 
the détermination of the numbers of bacteria, usually détermination 
of the présence or absence of bacteria of the colon type, and occa- 
sionally déterminations of bacteria of the sporogenes or sewage 
streptococcus type. The analyst havîng in his possession the above 
data must know the significance of high or low values of each indi- 
cating factor. Even with the number of factors at hand, many of 
the data are often contradictory, and a correct interprétation of the 
quality of the water is not alwa)rs possible. 

The weakness in a sanitary survey is that, while it may show pollu- 
tion, it does not always show whether that pollution is serions, 
or whether the water has become purified; and, furthermore, it may 
not reveal sources of pollution which can often be detected by analytical 
means. The chemical examination can show us, when we know the 
character of the source of the water, whether the water has or has not 
been polluted, and the extent of the pollution. It cannot, however, 
always reveal whether the water in its présent state is safe or danger- 
ous for domestic use; and this remains for the bacteriologist to déter- 
mine. The sanitary survey and the chemical anal)rsis of water hâve 
been sufficiently studied, so that our knowledge of the causes of varia- 
tions and fluctuations in the varions factors is well groimded. From 
the side of the bacterial examination, however, much remains to be 
investigated. We hâve a good working knowledge of the significance 
and fluctuation in the numbers of bacteria in différent waters when 
determined by gelatin or agar plates after incubation at a tempéra- 
ture of 20° C. We are rapidly acquiring a good working knowledge 
of the true significance of the appearance of B. coli, the sewage strep- 
tococcus, and B» sporogenes in water of varions classes. Many bac- 
teriological factors, however, which may be of value hâve received 
little or no attention. 

It is the purpose of the writer in the présent paper to introduce data 
bearing on the numbers of bacteria which develop on plates incubated 
at différent températures, and the ratios between such numbers, for 
différent classes of waters, in an endeavor to show that factors so 
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obtained may hâve an important place in judging the character of a 
water by analytical means. In a large number of laboratories, where 
the routine work consists in the control of the water supplies of large 
cities or in the control of water filters, almost complète reliance is 
placed on the results of bacteriological examinations in judging 
whether such waters are of the required quality. In such cases any 
additional factors which will assist in a more accurate judgment, or 
any change in the procédure which will enable such a judgment to be 
arrived at more quickly than under présent conditions, would be of 
inestimable value in protecting the consumers f rom the effects of any 
sudden change in the quality of such waters. 

Media for bacterial counts. — It is well known that gelatin and agar 
do not show us the total bacterial content of a water, much higher 
numbers being obtained when other and difiFerently constituted média 
are employed; and, furthermore, slight changes in the composition 
of the culture média may cause considérable variations in the num- 
bers of bacteria developing on those média. Thèse points hâve been 
very thoroughly investigated by Fuller,' Hesse and Nieder,* Whipple,* 
G. Hesse,^ the writer,* and others, and their considération need not 
be entered upon at this time. Gelatin and agar continue to be the 
média most commonly employed in quantitative bacterial détermina- 
tions, for several reasons, the principal ones being that the interpréta- 
tion obtained by their use is well grounded, and that with the newer 
média the time required to make a bacterial examinationislengthened 
instead of shortened. It is largely true, moreover, that while gelatin 
and agar do not show us the total bacterial content of a water, we are 
able by their use to obtain a knowledge of a fairly représentative sec- 
tion of that bacterial content. The practice as to the use of gelatin 
or agar varies widely in différent laboratories. The principal advan- 
tage obtained in the use of gelatin instead of agar is that a détermina- 
tion of the number of liquefying bacteria is possible — a factor of little 
practical value, except when dealing with sewage and the effluents 
from sewage disposai works, and which is more than offset by the 
greater ease with which agar plates may be manipulated. 

During more than 15 years it has been the custom to employ 
agar in routine work at Lawrence, the Lawrence agar being identical 
in composition with that reconunended by the Committee^n Standard 
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Methods of Water Analysis,^ except that it contains only i per cent of 
agar, instead of 1.5 per cent as recommended by that committee. 
Litmus-lactose agar as a substitute for gelatin or agar in detennining 
the numbers of bacteria is slowly gaining a foothold in many labora- 
tories, its advantage being that it permits a distinction to be made 
between the t)T)es of bacteria which do and do not produce acid fer- 
mentation of lactose, the déterminations of the présence and numbers 
of the fermenting organisms being of considérable significance, as will 
be shown further on. 

Température of inciibatUm. — The détermination of numbers of 
bacteria on plates which hâve been incubated at 20^ C. or at room 
température is the usual practice. In many laboratories, where gela- 
tin is employed as the routine médium, the plates are incubated at a 
somewhat lower température, usually about 15® C, in order to prevent 
the rapid growth of the liquef3âng bacteria and to minimize the errors 
due to such liquéfaction. In other laboratories, where agar is 
employed, it is the custom to incubate the plates at températures of 
23® to 26® C, in the endeavor to obtain higher counts with shorter 
periods of incubation. The recommendation of the Committee on 
Standard Methods, that a uniform température of 20° C. be employed, 
has become quite generally adopted in American practice. It is, of 
course, unnecessary to enter into a considération of the significance of 
the numbers of bacteria determined by this procédure at this time. 

The value of a détermination of the numbers of bacteria which 
are able to develop at body température was first advanced in 1892 
by Wurtz.' In 1893 Matthews® quite clearly demonstrated the dis- 
tinction in the bacterial content of différent classes of polluted and 
non-polluted waters by the use of lactose agar plates incubated at 
body température, thus confirming the déductions of Wurtz. Routine 
déterminations of the number of bacteria producing acid fermenta- 
tion of lactose (colon type) on plates incubated at 38° to 40® C. hâve 
been made on certain classes of waters since 1896 at Lawrence, and 
a similar procédure has been adopted by a large number of water bac- 
teriologists. The value of counts of the total number of bacteria 
developing at 38® to 40® C, however, appears to hâve been lost sight 
of in the rush of bacteriologists to study the acid-fermenting types, 
untîl Winslow and Niebecker' in 1903, after extensive investigations. 
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arrived at exactly the same œndusions as had Matthews ten years 
earlier. The peculiar advantage which such déterminations hâve, is 
that results may be obtained in 18 to 24 hours, or one to three days 
earlier than is possible with plates incubated at room température. 

The significance of the numbers of bacteria developing on plates 
incubated at températures above 40° C. has received very little 
study, although the fact that such bacteria are more or less com- 
mon has been known for some time. In 1888 Globig'^ first dem- 
onstrated that certain types of bacteria capable of growing at tem- 
pératures of 50® C. or higher were common in the soil, although 
Miquel had shown the existence of such bacteria some five years 
before. In 1889-91 Miquel" foimd organisms of this class, which 
he named thermophylic bacteria, to be prévalent in poUuted waters, 
but failed to detect them in spring waters. Macfadyen and Blaxall" 
in 1894 demonstrated the présence of thermophylic bacteria in hu- 
man fèces, and Rabinowitschi'^ in the following year found this 
type of bacteria to be présent in the excrément from the majority 
of domestic animais. More recently, Houston,'^ 1898, has isolated 
similar types from London sewage and from Thames water, and 
has called attention to their significance in determining the extent 
of pollution of a water. Tests for bacteria of this type included 
in this paper were made on plates incubated at a uniform tempér- 
ature of 50® C. 

So far as has come to the knowledge of the writer, no comparative 
study has ever been made of the numbers of bacteria in différent 
classes of waters which will develop on plates incubated at 30® C, 
although it seemed reasonable to believe that some intermediate 
température between 20° and 40® would prove favorable for the 
growth of a large number of bacteria during a very short period 
of incubation. 

Time 0} incubcUion. — ^The time allowed to elapse between plating 
and counting varies widely in différent laboratories, depending upon 
local conditions and the médium employed. Owing to the slow 
development of bacteria at 20® C, it is impossible to obtain counts 
in less than 48 hours on plates incubated at that température. 
When gelatin is employed, it is usual to count plates on the second 
or third day, the value of the déterminations being obscured by 
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liquéfaction when longer periods of incubation are followed. It 
is customary to incubate agar plates three to four da)rs, although 
in some laboratories even longer periods are allowed to elapse before 
the plates are counted. The recommendation of the Committee 
on Standard Methods, that a uniform period of incubation of 48 
hours be employed, bas been quite generally adopted by users of 
gelatin, but bas found less favor among users of agar. At Lawrence 
it bas always been the custom to allow four da3rs to elapse between 
planting and counting. 

With the use of higher températures, and the more rapid growth 
of bacteria at such températures, it becomes possible to adopt a 
shorter period of incubation. Since it is extremely désirable that 
the results of bacterial déterminations be available at the earliest 
possible moment, the writer bas adopted a imiform time of incu- 
bation of 24 hours on ail plates grown at températures higher than 
20° C. ; consequently the numbers of bacteria included in the dis- 
cussion and tables beyond, unless otherwise stated, were obtained 
on plates incubated four days at 20° C, and 24 hours at 30°, 40®, 
and 50° C, respectively. 

The use of ratios between différent bacterial counts. — In comparing 
the analytical results obtained from différent waters, or from différent 
samples of the same water, it is quite usual to express the results 
of such comparison as the ratio, or per cent, which one is of another. 
The mathematical expression of the ratios between the results of 
différent déterminations is less common, and bas hitherto been 
confined to the chemical side of the analysis, so far as the writer 
knows, no use ever having been made of the ratios between the 
results of différent bacteriological déterminations on the same sam- 
ples. 

In the présent study we hâve the results of bacterial counts on 
agar and on Utmus-lactose agar plates which bave been grown at 
four différent températures, and upon which the number of bacterial 
colonies hâve been counted daily until the maximum nimiber of 
colonies bas developed. In addition to the determined numbers of 
bacteria on each of the plates, and the numbers of bacteria which 
are able to cause acid fermentation of lactose, both of which détermi- 
nations may bave a place in the interprétation of the character of a 
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water, we may compute the ratios between each pair of results on the 
différent samples, and by averaging the ratios so obtained for différent 
classes of samples we may ascertain what value each of the différent 
ratios may hâve in indicating the quality of a water. As a con- 
sidération of ail of the expérimental data, and of ail the possible 
ratios, would occupy more space than is available, many of the data 
hâve been excluded, and, in addition to a considération of the num- 
bers of bacteria determined on agar after four days' incubation 
at 20° C, and on lactose agar after 24 hours' incubation at 30°, 40®, 
and 50® C. respectively, and the numbers of bacteria producing red 
colonies on lactose agar at the same températures, only the follow- 
ing ratios will be presented, thèse ratios being expressed in every 
case as the per cent which the smaller value is of the greater. 

1. The ratios between the total number of bacteria determined 
on agar after four days' incubation at 20° C, and the numbers of 
bacteria determined on lactose agar after 24 hours' incubation at 
30°, 40°, and 50° C. respectively. 

2. The ratios between the total number of bacteria determined 
on agar after four days' incubation at 20^ C. and the numbers of 
bacteria producing acid fermentation on lactose agar in 24 hours 
at 30,° 40,® and 50® C. respectively. 

3. The ratios between the numbers of bacteria and the number 
of acid-producing bacteria determined at each température as above. 

Sources oj the data included. — ^The data used in the discussion 
and tables hâve been obtained in part by recomputation of certain 
of the routine results obtained during the past eight years at the 
Lawrence Experiment Station, and in part from a spécial study 
of the relative counts of bacteria obtained on plates incubated at 
différent températures. In addition to the incubators regularly 
operated at 20® C. and 40° C, we hâve one spare incubator, which 
has been operated part of the time at 30® C. and part of the time at 
50° C. In considering the significance of the numbers of bacteria 
and the numbers of acid-producing bacteria determined at the 
différent températures, it is therefore necessary to divide the results 
into two séries. The two experiments covered much the same 
classes of waters, and had déterminations of bacteria and acid-pro- 
ducers at 20° C. and at 40® C. common to both experiments. No 
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direct comparison, however, was possible between the results obtained 
at 30° C. and 50° C, and we are forced to make such a comparison 
indirectly through the counts at 20° C. and 40° C. It should be 
further borne in mind that, while the séries containing the 50° C. 
counts covered a wide range of samples, only five samples were 
used from each of the several sources, and thèse samples were ail 
collected within a limited period of time. For this reason the results 
of this séries, while indicative of the results which might be obtained 
in practice, should not be taken as conclusive évidence of the value 
of the 50® counts. On the other hand, the results obtained in the 
30® séries, while covering a smaller range of waters, were obtained 
from the examination of over 400 samples collected over a period 
of many months. 

Information bearing on the subject at hand has also been drawn 
from the routine analyses, as foUows: About 80 samples from 15 
différent wells, over 200 samples of sea water from différent loca- 
tions in Boston Harbor, and nearly 1,000 samples of poUuted river 
water upon which bacterial counts at températures of 20® and 40° 
hâve been made, the counts at 40® beîng on litmus-lactose agar, and 
including both total colonies and red colonies, déterminations of 
numbers of bacteria and B. coli in over 300 samples of sewage and 
effluents from sewage filters, and in about 3,700 samples of Merri- 
mack River water from two sources; from whîch data we hâve 
been able to détermine very accurately the average ratio of bacteria 
to B. coli for thèse classes of samples, and in the river water results 
to study the various factors which hâve caused changes in the num- 
bers of bacteria and of B. coli, and the ratios between the two. 

Classification of waters included in the investigation. — During 
the various investigations 17 différent classes of samples hâve 
been examined at one time or another, and it is necessary, for 
a clear understanding of the tables, that a brief description of thèse 
classes of samples should be inserted at this point. 

Lawrence Street sewage îs a strong domestic sewage collected directly from one 
of the large sewers in the city of Lawrence. — Regular sewage îs sewage from the same 
source as the foregoing, conveyed to the Experiment Station through about a mile 
of a . 5 inch pipe, and differs from the Lawrence Street sewage mainly in the f act that 
the grosser particles are very largely broken up by abrasion and by passing through 
the pump. — Station sewage is regular sewage diluted with a small proportion of Mer- 



Bacteria Developing AT Différent Températures 231 

rimack River water. — Sepiic sewagg: Under "septic sewage" has been included 
effiuents from three septic ta9ks, ail of which treat regular sewage. — Strained sewage 
is regular sewage from which a portion of the suspended matter has been removed 
by straining through coal. — IntermiUetU sewage fiUers: Samples from a number of 
intermittent sand filters operating at low rates with regular sewage or with station 
sewage are included in the varions tables. — Trickling fiUers: Samples from two différ- 
ent trickling filters operating at high rates with regular sewage are included. — Con- 
tact filters: Samples from three différent contact filters hâve been used, No. 175 oper- 
ating with regular sewage, No. 176 with strained sewage, and No. 251 with septic 
sewage. — Aierrimack River water: Samples from two sources hâve been used, the 
source labeled " Intake" including samples of the water as it flows upon the Law- 
rence dty filter. Samples labeled ** Canal** are the river water as received at the 
Experiment Station after passing through the North Canal. The distance from 
the Experiment Station to the head of the canal is about one mile, and that from the 
head of the canal to the Intake of the City Filter about one mile, no sewage entering 
the river or canal between thèse points. — Applied 216: This is canal water which 
has been treated with alum and settled before being applied to Filter No. ai6 — 
Water filters: "Filter No. 216" is a mechanical filter operating at a high rate with 
the above. "Filters Nos. 8, 220/* and the "City Filter*' are slow sand filters oper- 
ating at low rates, the dty filter receiving Merrimack River water designated "Intake," 
and the others canal water. "Filters Nos. 24$ and 244" are secondary filters oper- 
ating with water which has already been filtered. — Tap water: This is filtered water 
from the Lawrence city filter, after being stored in the distribution réservoir and 
passing through the dty service mains. — Ponds: Many samples from two large ponds, 
both used for water supply, hâve been examined. The watersheds of both of thèse 
ponds axe under sanitary control, but both are used more or less for pleasure pur- 
poses in the sununer, and hence are liable to occasional contamination. — Driven 
tvells: The samples were from two séries of driven wells less than 50 feet deep used 
as water supply.-^ShaUow wells: Samples from 15 différent wells, the results from 
both good and polluted wells being averaged together. In tables where results from 
t^o différent wells are given, " No. i " is of excellent quality, while " No. a " is badly 
polluted. — Springs: Samples from two différent springs, both of good quality, are 
included. — Sea waters include samples collected from a large ntmiber of stations 
during a sanitary survey of Boston Harbor. Most of thèse samples were more or 
less polluted with sewage. 

Sdective action of différent températures. — In considering the 
value of counts of total bacteria and of acid-producing bacteria, 
in addition to the relative numbers obtained by such counts, we 
should know the sélective action of the différent températures upon 
the bacterial content of the varions classes of waters. We hâve 
leamed by thèse experiments that nearly ail of the bacteria 
capable of forming colonies at 20° C. will manifest themselves in 
four days, this being also true of the acid-producing bacteria. At 
40° C. and 50° C. nearly ail the bacteria and add-producers capable 
of developing at thèse températures are shown by a count made after 
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24 hours. At 30° C, however, our 24-hour counts show us only 
30 to 50 per cent of the bacteria which would be able to produce 
colonies if the period of incubation were increased to two or three 
days. In Table i is shown the per cent of samples in which bac- 
teria and acid-produdng types occurred in waters from différent 
sources when examined by the varions methods. The results of déter- 
minations of acid-producing bacteria at 20° divide themselves nat- 
urally into groups. AU of the samples of sewage and effluents 
from sewage filters, and over 80 per cent of the poUuted waters 
and effluents from sewage filters, contained bacteria of this type 
the percentage for shallow wells dropping to 70, for pond waters 
to 60, and for deep wells to 40. The springs differed from the other 
relatively pure waters in that ail samples contained acid-produdng 
bacteria. At 30° C. the percentage of samples showing growth 
and add-producing bacteria is generally indicative of the quality 
of the water, becoming less as the quality of the water improves. 
The same rule holds for the déterminations made at 40° C, the 

TABLE I. 

RxLATxvz OœDutENCB OF Bactksia AND ov Aod-Pkoducing Typu ON Platxs Incubatzd Al DlV- 

FxsENT Tempesatuses with Vasious Classxs 01 Watxbs. 



Sewage 

Sewage filten — tricUing 

" — amtact. 

" — saod . . . 

Merrimack River 

Ajpplied 316 

FUter No. ai6 

Other water filters 

Ponds: 

Sballow wells 

Driven wells 

Springs 



Pes Cent of Samples Sbowing 



Growth at 



y>»C. 



94 
100 

77 
61 

a3 



40*» C. 



xoo 
100 
100 

05 
100 
100 

80 
o 

30 



So'C. 



03 
100 
80 
60 
90 
xoo 

60 

55 

10 

ao 

o 

o 



30 



•C. 



100 

xoo 

xoo 

xoo 

01 

94 

90 

83 
60 
70 
40 
xoo 



Red Colonies at 



30» C. 



91 
96 

77 
36 
xo 



40«C. 



xoo 
xoo 
xoo 

75 
100 

97 
83 
57 
20 

50 

o 

30 



So^'C. 



60 
40 
40 
17 

£ 

60 
50 
xo 
ao 

o 
o 



distinction between samples known to hâve been polluted recently, 
even although they hâve been subjected to purification, and samples 
from sources whose chance of pollution is more remote, being espe- 
cially well marked. The driven- well waters showed entire absence 
of bacteria growing at this température. The distinction between 
sewage and polluted water before filtration, and the effluents from 
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sewage and water filters, is shown by the smaller per cent of samples 
from the filtered sources which contaîn bacteria and acid-producing 
organisms capable of developing at 50^ C. Bacteria of thèse types 
occurred only in a small percentage of the samples from ponds 
and shallow wells, and were entirely absent from samples from springs 
and driven wells. 

Numbers oj bacteria^ 30^ séries. — In Table 2 are shown the aver- 
age numbers of bacteria and of acid-producers obtained with différent 
waters on plates incubated at 20® C, 30® C, and 40° C. From the 
figures in this table it is seen that the numbers obtained at the dif- 
férent températures agrée in gênerai with the character of the water 
under examination. The coimts obtained at 30^ were larger than 
those at 40° in every instance when dealing with poUuted water, 
but there was little différence in thèse counts when dealing with 
water of good quality. This fact, however, would be an advantage 
rather than otherwise, since the use of 30® counts would give us a 
much sharper distinction between good and bad waters than would 
counts at 40^, and would allow this distinction to be made in a min- 
imum time, 24 hours, as compared with two to four days required 
to obtain the 20^ counts. A rapid method of determining a portion 
of the bacterial content of waters is especially désirable when deal- 
ing with water filters, such filters being controUed largely on the 
basis of the per cent of the bacteria in the raw water which they 
remove and the number of bacteria in the filtered water. From the 
figures in the table we find the percentage removal of bacteria by 
the Lawrence City Filter to be 99.5, 99.7, and 96.7, as determined 
by the counts at 20°, 30®, and 40° respectively, and the removal 
of acid-forming organisms to be 99. i> 99 '4> and 95.2 respectively. 
The percentage efl&ciency of Filter No. 220 was 98.1, 96.0, and 
93.8 respectively, computed from the total bacteria developing 
at 20°, 30®, and 40° C, and 98.8, 98.6, and 97.7 computed from 
the acid-forming bacteria developing at thèse températures. The 
removal of bacteria by Filter No. 216 was 91.0, 96.1, and 82.9 
respectively, and the removal of acid-forming bacteria was 95.0, 
94.6, and 82.2 respectively, as shown by the figures at 20°, 30°, 
and 40° C. In other words the percentage removal of bacteria and 
of acid-formers, as determined by counts at 20® C. after four days^ 
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incubation and at 30® C. after 24 hours' incubation, was very sîmilar, 
and although the numbers of bacteria determined at 30° C. were 
smaller than at 20° C, they were fuUy as significant. The substi- 
tution of the 24-hour count at 30° for the usual 20° count in labora- 
tories connected with water filtration plants would resuit, therefore, 
in a réduction of the period required to complète a bacterial anal- 
ysis, without causing any material change in the théories upon which 
the interprétation of the results are based. The value of counts 
at 40° C. made at the same time as counts at 20° or 30° should not 
be underestimated, since the group of bacteria determined at this 
température undoubtedly represent more closely the pathogenic 
bacterial content of the water than is the case with counts at lower 
températures. It would be inadvisable however, to employ 40° 
counts exclusively in water work at the présent time, until we hâve 
a broader understanding of their complète significance, although 
such counts are used exclusively in some laboratories in the control 
of milk supplies. The average results of counts at the varions tem- 
pératures with eight différent waters are shown in the following 
table : 

TABLE a. 

AVBSACE NOMBUl OF BaCTERU AMD ACID-PSODUCBRS DsVELOPTNC AT ao". 30^, AND 40* C. WtTH 

DirnsENT Classes or Watex. 



Bacteria per c. c. 



Canal 

Intake 

Aoplied 916 
FUter ai6 . . 
Filter aao . . 
City filter . . 
Pond No. X . 
Pond No. a . 



ao'C. 
4D. 



4* 100 
5*ooo 

aïooo 

180 

80 

«3 
za 

17 



30'C. 
a4Hr. 



450 
619 

'% 
x8 

a 
o 

X 



40» c. 

a4Hr. 



8x 
xaa 

46 
7 
5 
4 
I 
I 



Add-Produdng Bacteria 



•c. 



ao 
4D 



940 
660 

537 

27 

II 

6 

a 
I 



30» c. 

a4Hr. 



14a 

X73 
55 

3 
a 
I 
o 
o 



40»C. 
a4Hr. 



4» 
a8 

S 

x 
a 
o 

I 



Bacterial ralioSy joP séries. — In Table 3 are shown the varions 
bacterial ratios for the déterminations at 20°, 30°, and 40® C. Cer- 
tain distinctions between the différent waters are brought out by 
thèse ratios which do not appear in the numbers of bacteria. In 
the first two columns are shown the per cent which the numbers 
of bacteria determined at 30® and 40° after 24 hours' incubation 
are of the total bacteria determined at 20° after four days' incuba- 
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tion. From thèse figures we see that, wîth one exception, a much 
greater percentage of the total bacteria are determined at 30° for 
polluted waters than for the pure waters; that is to say, the dis- 
tinction between pure and polluted waters is emphasized by the 
30° counts. On the other hand, the counts at 40° materially decrease 
such a distinction, as is shown by the fact that the ratios are greater 
for the good waters than for the polluted waters. If we assume, 
however, that the présence of bacteria capable of rapid growth at 
40^ is an indication that the water contains disease-producing bac- 
teria, the fact that the proportion of such bacteria is greater in the 
purer waters than in the waters known to be seriously polluted 
would signify that our filtered waters were not of such excellent qual- 
ity as their low bacterial content would indicate, which supposition 
is well worth further study. 

No such lesson is apparent in the ratios between the total bacteria 
at 20® and the acid-producing bacteria at 30® and 40®, the values 
for the raw waters and filtered waters being much the same. A sharp 
distinction is noted between the ponds and the other samples in the 
30^ values, although this distinction does not appear in the 40^ 
values. The ratios between the bacteria growing at each tempéra- 
ture and the number of acid-formers at that température appear 
to be of little value in distinguishing between the différent waters. 
As will be shown later, the chief use of thèse ratios seems to be in 
locating errors and abnormal values in the other ratios and in the 
counts from which they are computed. 

table 3. 

Bactkkial Ratios rox DtrwEMXtn Classes or Wateks, ao", 3o"i amd 40^ C. Skkces. 



Canal 

Intake 

Applied 316 
Filter2i6 .. 
Filter aao . . 
City filter . . 
Pond No. X. 
Pond No. 2. 



Ratio between 
Total Bacteria 
a t ao^ and 
Bacteria D e- 
veloping at 



30» C. 



xa.ao 


107 


ia.38 


a. 44 


10. 15 


a. 30 


4. 45 


3.80 


aa. so 


6. as 


8.70 


17-40 


0.00 


8.33 


5. 00 


S. 90 



40" 



Ratio between 
Total Bacteria 
a t ao" and 
Number of 
Acid-Produc- 
ing Bacteria at 



30' 



C. 



346 
3.46 
a. 75 
1.67 
a. 50 

4-35 
0.00 
0.00 



40»C. 



1.07 
0.84 
1.40 

a. 78 
I as 
8.70 
0.00 
5 00 



Ratio between Number of 
Bacteria at Each Tem- 

Serature and Acid-Pro- 
ucin< Bacteria at That 
Température 



ao" 



c. 



«3 
13 
a7 
15 
14 
a6 
x6 
6 



3o»C. 



3a 

a8 

«7 
38 

XX 

so 

o 
o 



40»C. 



54 

34 
61 

71 
ao 

SO 

o 

XOO 
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Numbers oj bacteria, 50° séries. — ^The average numbers of bac- 
teria and the numbers of acid-producers determined at 20°, 40®, 
and 50° on five samples each from 26 difiFerent sourœs are shown 
in Table 4. In gênerai the numbers of bacteria at 20° and 40® 
and the numbers of acid-producers determined at those tempéra- 
tures, are large or small as the water is poUuted or non-poUuted» 
confirming the findings previously discussed under the 30^ séries. 
The most significant results are those obtained for the two shallow 
wells. The number of bacteria determined at 20® is higher in Well 
No. I than in Well No. 2. Well No. 2 is in a thickly settled communi- 
ty with vaults and cesspools in dose proximity, while WpU No. i, sit- 
uated in an open field upon the top of a hill, is removed from any 
chance of pollution. Chemical analyses extending over a period 
of some years indicate that Well No. i is free from pollution, and 
that Well No. 2 is seriously poUuted. The sanitary survey and chemi- 
cal analyses are confirmed by the bacterial coimt at 40^ and by 
the niunbers of acid-producers developing at 20^ and 40^, showing 
that the large niunbers of bacteria determined at 20® in Well No. i 
are of a harmless character. 

The numbers of bacteria and the acid-formers determined at 
50® C. confirm the results of déterminations at 20® and 40®, but 
the distinction between difiFerent classes of waters is more marked 
than by déterminations at the lower températures. It is noticeable 
that the 50® bacteria in the effluents from the Contact Filters Nos. 
175 and 176 were higher than in the regular sewage which was ap- 
plied to those filters, and the numbers in the efiluent of Contact 
Filter No. 251 were larger than in the septic sewage with which it 
was operated. On the other hand, the numbers in the effluents 
from the trickling filters were small, and this type of bacteria were 
either entirely lacking or présent in insignificant numbers in the 
effluents from the sand filters. The distinction between the river 
water and the filtered waters is not very well marked, but a class dis- 
tinction between the river water and the filtered river waters, and the 
ponds, wells, and springs, is indicated by the entire absence of this 
type of organisms in the latter class of waters. The occurrence 
of 50^ acid-producing bacteria is also significant, this type of organ- 
isms being absent from the effluents from three out of four of the 
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intermittent sewage ûlters, and practically absent from the fourth, 
while they were présent in greater or less numbers in the sewages 
and in the effluents from the contact and trickling ûlters through 
which the sewage passed more rapidly. The présence of such small 
numbers of this type of bacteria in the polluted river water, and 
of similar numbers in the effluents from the primary water filters, 
cannot be accounted for at the présent time. 



table No. 4. 

Avxxaob Numbkk or Bactkua and Acxd-Producbis DEVBLomfC at ao^, 40^, amd 50' C. wini 

DïwrEMMjn Classes or Watbks. 



Regular sewage 

Station sewage 

Septic sewage 

Sand FUter No. i 

tt tt <t ^ 

2 • 

il M •• . 

" " 9 ....... 

Trickling Fflter No. 135. 

136. 

Contact Filter No. 171 



•• 



Canal 

Intake 

Applied ax6 

FHter No. 8 

Filter No. ai6 

Filter No. 343 

City filter 

City water 

Pond No. I 

Pond No. 9 

DriTcn wdls 

Shalbw Well No. i 
Shallow Well No. a. 

Spring No. i 

Spring No. a 






Bacteris perce 



ao»C. 
4D. 



aïOQOiOoo 

x,676/x>o 

4B5<ooo 

Xt640 

35 

Xt30O 

070 

X5.SOO 

a3i300 

X46.600 

389,000 

306,000 

16,400 

a,ooo 
3» 

'il 

150 
64 
a7 
71 
41 
1,000 

507 
40 
80 



40»C. 
a4Hr. 



SS7.SOO 

360,000 

xa6.5oo 

X.37S 

4 

130 

X70 

Î.7JO 
a.030 

a6«xoo 

59,300 

89,600 

xia 

ao7 

aia 

3 

X70 

X 

aa 
5 

X 

8 

o 

a 

7a 

o 
a 



SO»C. 
34 Hr. 



7.700 

39.500 

410 

a 
o 

X 

a 
Z54 

8,300 

8,000 

485 

5 

4 

a 

X 

a 
o 

X 

X 

o 

o 
o 
o 
o 
o 
o 



Acid-Produdng Bacteria 



ao*C. 
4D. 



x,940.ooo 

x/>3a,ooo 

341,000 

aj6o 

a9 

345 

X.045 

xs,aoo 

16,000 

xxa,40o 

393,000 

I93>ooo 

6,700 

a,SOo 

1.650 

6 

a59 

x6 

«4 

XX 

8 
30 

o 

si 

6 
8 



40»C. 
34 Hr. 



346.000 

383,000 

90.000 

X.X95 

3 

XX9 

Z54 

1,360 

x,x8o 

33,700 

45.000 

46,000 

87 

X 

xox 

o 

«7 

3 

X 

5 

o 

X 

55 

o 
3 



So"C 
34 Hr. 



a4*0oo 
S40 

X 

o 

. o 

o 

xoo 

30 

8,000 
8,000 

30O 

3 
3 
X 
X 

X 
O 
X 
X 

o 

O 

o 
o 
o 
o 
o 



Bacterial ratios, S(P séries. — ^The bacterial ratios for the différent 
waters included in the 50^ séries are shown in Table 5. In gênerai 
the 20^-40^ bacteria ratios and the ratios between the 20^ bacteria 
and the 40^ acid-producers were much greater for the sewage and 
the effluents from sewage filters than for the other waters, although 
there are a few exceptions to this rule. The 20^-40® ratios for the 
polluted river water in each case were much less than the correspond- 
ing ratios for Applied 216 and for the effluents from Water Filters 
No. 8, 216, and the City Filter, indicating that the removal of the 
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ordinary water bacteria by coagulation and sédimentation, and by 
filtration, is greater than is the removal of bacteria capable of devel- 
oping at 40^, as previously noted in the discussion of the 30^ séries. 
The peculiar significance in the ratios between the bacteria and the 
add-formers at 20^ appears to be in the much larger ratios obtained 
for sewages and the effluents f rom sewage filters than for the other 
waters examined. This distinction does not hold true for the 40^ 
and 50^ bacteria-acid-produdng-organism ratios, the high and low 
values being distributed among ail classes of waters. 

TABLE s. 
Bactxkial Ratios voi Dtwjemxst Classbs of Watess, acft 4o"« and 50" C Séries. 



Regular sewsge 

Station sewage 

Septic sewage 

Saod FOrer No i 

it U (t - 

3 

t* i4 •« 

" " " 9....... 

Tricklinf Filter No. 135 

" X36 

Contact FOter No. 175. . . 

" 176... 

• 251... 

Canal 

Intake 

Applied ai6. 

Futer No. 8 

" " ax6 

" " 943 

City filter 

Oty water 

Pond No. 1 

" " 2 

Driven wdls 

Sballow Well No. I 

•• " •• 2 

Spring No. i 

i« ii ^ 

9 



Ratio between 
Total Bacteria 
at ao** and 
Bacteria De- 
vdopingat 



40" C. 



19.00 
ai. 50 
aô.oo 
83.80 
XI. 40 
xo.oo 

as. 30 
XI. ao 

8.70 

X7.70 
xs.ao 

39.30 
0.68 
i.aa 

7.56 
9.40 

a3.8o 
x.6x 

X4.70 
7.80 
3.70 

XX. as 
0.00 
o.ao 

X4.ao 
0.00 
a. 50 



50* C. 



o.a3 
X.80 
0.08 
x.aa 
0.00 
0.08 
0.30 

0.95 
o.a3 

57© 
a.xo 

o.is 
0.03 
o.oa 
0.07 
3.xa 
o.a8 
0.00 
0.67 
1.56 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



Ratio between 
Total Bacteria 
at ao" and 
Nuinber of 
Add - Produc- 
ing Bacteria at 



4o"C. 



IX. 60 

16.90 

18.50 

7a. 80 

S. 70 

9.ao 

83.00 

8.80 

S. 10 

15.50 

11.50 

15.00 

O.S3 

0.79 

a. 36 

3.xa 

14.10 

0.00 

"35 
4.70 
3.70 
7.40 
0.00 
o.xo 

xo.80 
0.00 
a. 50 



So'^C 



0.15 
1.49 
0.05 
0.61 
0.00 
0.00 
0.00 
0.65 
0.09 
5.50 
a. 10 
0.07 
o.ox 
o.oi 
0.04 

3X2 

O.X4 
0.00 
0.67 
1.56 
0.00 
0.00 
0.00 
p. 00 
0.00 
0.00 
0.00 



Ratio between Number oî 
Bacteria at each Tem- 
pérature and Add-Pro- 
dudng Bacteria at That 
Température 



ao'C. 



83 
a7 

• • 

98 

69 
76 

75 
63 
41 
15 
50 
tç 
36 
a6 

9 
17 
30 

4a 

00 
00 
x6 
la 
10 



40" 



l\ 



6a 
79 

h 

So 
9» 
9» 
78 

I? 

76 

65 

3» 
33 
50 
00 

77 

60 

100 

63 
00 

SO 

76 

00 

xoo 



So"C. 



50 
SO 
00 
00 
00 
65 
37 
06 

100 
41 
40 
SO 
SO 

xoo 
SO 
00 

xoo 

100 
00 
00 
00 
00 
00 
00 
00 



BacUfial déterminations at 2cP and 4(fi on poUuted waters. — In 
addition to the results obtained in the 30^ and 50^ séries previously 
discussedy we hâve somewhat more extended information regarding 
the relation between the numbers of bacteria developing at 20^ and 
at 40^ C. Throughout 1905 both total colonies and red colonies 
were counted on ail litmus-lactose agar plates. Comparative counts 
are thus available on some 200 samples of sea waters, and on samples 
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collected at least three times a week throughout the year from four 
différent polluted sources; thèse being Merrimack River at the Intake 
of the City Filter, and, from the North Canal at the Experiment 
Station, river water which has been treated by coagulation and 
sédimentation, and river water in which the pollution has been in- 
creased by the addition of more sewage. The samples from the 
Intake and Canal showed very similar results, taken month by 
month, as is shown in the foregoing tables, and for this reason the 
Intake samples hâve been omitted. The samples of sea water exhibît 
certain peculiarities, and the samples from the three other sources, 
while similar in character, represent différent degrees of pollution 
and through them we may gain some insight into the relative fluc- 
tuations in the bacteria and in the bacterial ratios. 

As the sea waters included samples of varying degrees of pol- 
lution, some division of the samples into groups becomes advisable. 
A number of methods of grouping thèse samples hâve been tried, 
the most satisfactory from the standpoint of the subject-matter of 
this paper being to place ail samples having similar numbers of 
bacteria in one group, and to average ail the results in each group. 

The results shown in Table 6 hâve been obtained in this manner, 
from which it is seen that the average numbers of bacteria at 20^, 
the numbers at 40®, and the numbers of B. coli — i. e., acid-producers 
show a similar increase until the numbers of bacteria reach 5,000 
per ce, when the 40® bacteria and the B. coli drop to very low nimi- 
bers and again increase gradually with increasing numbers of bac- 
teria. The ratios between the 20® and 40® bacteria show a corre- 
sponding increase until the numbers of bacteria reach i,oco perce, 
a decrease occurring when the numbers of bacteria are between 
1,000 and 5,000, and the ratios becoming extremely small as the 
numbers of bacteria increase above 5,000. The same peculiarity 
is noted for the B. coli ratios, with the exception that the ratio for 
an average bacterial content below 100 is greater than the ratio 
for a bacterial content between 100 and 500. The ratios between 
the 40^ bacteria and the B, coli are fairly uniform, fluctuating 
between 57 and 83. The reasons for the peculiarities above noted 
cannot be assigned without a careful study of the sources of the 
varions samples and a considération of ail the varions factors 
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influencing the character and quantity of the bacterial content, ail of 
whîch will be reported elsewhere by another department by whom 
thèse samples were collected. 

TABLE 6. 

NOIOEKS OF BaCTERU DkTEIIOMKD AT ao" AND 40" C, AND THE C0IIE8PONDINO BaCTEIIAL 

Ratios on Samples of Sea Water. 



Bactbiu pbs ce. 



Leas than zoo 

Between xoo and 500 

" 500 and 1,000 

** 1,000 and 5,000. . 

** 5,000 and 10,000. 

** 10,000 and 50,000 
Oyer 50,000 



ao^C. 


40- 


c. 




Ratio of 








ao" Bac- 


ao" Bac- 


Bacteria 


Bacteria 


Add- 


teria 1040" 
Bacteria 


teria to 40" 


per ce 


perce. 


Producen 


Add- 










ProduoexB 
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5 


il 


6.4 


370 


30 


17 


4.6 


700 


170 


IIO 


ri 


15-7 




223 


Î55 


6. a 


S 


4 


o.z 


o.i 


19.400 


iS 


IQ 


o.a 


o.z 




60 


• • ■ 


• • • 



4o*>Bac- 

teiiato 

Add- 

Produœn 

83 
57 
6S 
69 
80 

63 

70 



The monthly averages of the déterminations of bacteria at 20^ 
and 40^ C, and the corresponding bacterial ratios on ail samples 
of the canal water, Applied 216 and Applied 219, are shown in 
Tables 7, 8, and 9. Comparing the canal results with those from 
Applied 216, the yearly averages show us that treatment of the canal 
water by coagulation and sédimentation removed about one-half 

TABLE 7. 

Canal: Avexage Monthly Nuxbeis of Bactbeu at ao" C, at 40" C, and of B. coU, and the 

Bacterial Ratios. 



1005 



Tanuazy 

Febniaiy 

March 

April 

Uxf 

Jane 
uly 

August. . . . 
September ., 

October 

November. . , 

December... 

Averaffe 



ao"C. 
Bacteria 
per ce 



6.600 
9,800 
5.700 
a.300 
a,6oo 
8,600 
3«8oo 
7iioo 
Z4.aoo 
35,600 
7.900 
6,300 
8,400 



40" c. 



Bacteria 
per ce 



"4 
X43 
107 
46 
64 
139 
151 
355 
aai 
647 
175 
13a 
191 



B. coU 
per ce 



80 

98 

63 

33 

40 

8z 

86 

189 

155 

z6o 

"5 

97 
100 



ao"-4o' C. 

Bacteria 

Ratio 



1.40 
1.87 
a. 00 
a. 46 
z.6z 
3-96 
5.00 
z.s6 

a. 53 
a.az 

a.zo 

a. 37 



Bacteria 

ao'^'B.coU 

Ratio 



z.az 
z.oo 
z.zz 
1.43 
1-54 
0.94 
a.a6 
a.66 
1.09 
0.63 
1.45 
x-54 
I.4X 



Bacteria 

^"-B.coli 

Ratio 



i 



70 
69 
59 
7a 
6 

57 

53 

70 

a5 

66 

74 
61 



of the bacteria contents of the water. On the other hand, the ratios 
show ùs that the removal of bacteria capable of growing at 40^ and 
of B. coli was less than that of the total bacteria. Furthermore, 
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while the fluctuation in the numbers of total bacteria, of bacteria 
growing at 40^, and of B. coli, was less in the Applied 216 than in 
the canal, the fluctuation in the ratios between thèse numbers was 
very much greater. 

Comparing the canal with Applied 219, we find that by adding 
a small proportion of sewage to the watcr we hâve increased our bac- 
terial content, as shown by higher values on ail three déterminations; 



Afplizo 216: 



table 8. 

AVSIAOB MomrHLT NuXBESS of BaCTEBU at 9o" c. AT 40* Cm and of B. Coli, AND 

TKX Bactsrxal Ratios. 
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0.96 
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44 
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4.S00 
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X40 


96 


X.74 


X.IX 
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71 


a.ao 


1.4S 
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«; 


43 


1.88 


X.I3 


4fOOO 


57 


a. 86 


x.74 



Bactexia 

^'*-B.uU 

Ratio 



47 
6a 

55 

U 
59 
58 
47 
6x 

73 
64 
66 
60 
60 



but by comparing our ratios we find that wc hâve increased the class 
of bacteria developing at 40% in which must be included the disease 
germs in a much larger proportion than we hâve increased the total 
bacterial content. The fluctuation in the numbers of the différent 
classes of bacteria and the fluctuation in the ratios between thèse 



AiTLiKD aïo: 



TABLE p. 

AVKXAOB MONTHLT NUXBUS Of BaCTBBIA AT ao" C, AT 40^ C. AND OF B. CoU, AND 

TRI BaCTEBUL RaTKM. 



1905 



May 

June 
uly 

Auguflt 

September. . 

October 

November. . 

December. . 

Average 





40- 


c. 






ao« c. 

Bacteria 






90*^-40" 
Bacteria 


Bacteria 
9ci*-B.caU 






perce. 


Bacteria 
perce 


B. cdi 
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595 


a.ax 
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48 
58 
58 
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numbcrs correspond faîrly well with the probable différence in the 
character of the two waters. In other words, our ratios indicate 
that both Applied 216 and Applied 219 were more dangerous from 
a sanitary standpoint than the différence between their total bacterial 
counts and the count on the canal water would indicate. 

BacUria-B. coli ratios on Menimack River waUr. — We will now 
considcr the ratio between the numbers of bacteria and the nnmbers 
of B. colij this being the one of the new factors hère introduced upon 
which we hâve the most extensive data. Routine déterminations 
of bacteria and B. coli hâve been made on samples of Merrimack 
River water from the Intake during a period of seven years, and on 
samples from the canal during a period of eight years. The average 
monthly numbers of bacteria and B, coli in samples from thèse two 
sources hâve been published annually in the reports of the Massa- 
chusetts State Board of Health, and it is unnecessary to reproduce 
them hère. The ratios between the bacteria and B, coli computed 
from the monthly averages for thèse two sources are shown in Tables 
10 and II. The use of the monthly averages tends to eliminate 
abnormal values and fluctuations, and to give us results which are veiy 

TABLE 10. 

AvxiAGE Monthly Bactexu-B. coli Ratios on Saicplxs from the Meeitmace Rives at the 

Intake or the Ctty FaTBE, 1890-1905, inclusive. 



Average 



January 

Febniary 

Mardi 

April 

May 

June 
uly 

August 

September 

October 

November 

December 

Average . . 
Maximum, 
Minimum. 



1899 


T90O 


X90I 


X9oa 


1903 


1904 


190S 


O.S7 


0.69 


1.64 


o.a9 


o.a6 


o.6x 


0.84 


O.S3 


0.47 


3 »2 


o.6x 


0.33 
0.98 


0.71 


0.30 


6.30 


0.78 


0.38 
0.85 


0.57 


0.95 


0.41 


X.30 


a. 43 
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0.44 


x.06 


I.XO 


* 5$ 


1.43 


' ^i 


1.71 


1.37 


1-57 


1.48 


0.73 


a. 40 


0.78 


i.aS 


0.91 


1.Q7 


1.51 


o.6x 


0.43 


1.78 


1.56 


X.46 


0. x6 


1.31 


X.06 


x.05 
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0.97 


x-39 


0.83 


0.93 


0.50 


1.07 


0.37 


0.66 


X.40 


0.34 


o.aa 


O.S3 


0.53 


0.44 


1.66 
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o.6x 


1.86 
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x.9a 


1.3a 


0.70 


X 84 


1-43 


1.93 


o.x6 


X.03 


0.66 


0.64 


1.06 


o.8x 


I 63 


1.44 


0.9a 


0.9a 


0.96 


^'V 


1.97 


6.30 


4-07 


a. 40 


X.78 


1.71 


1.84 


0. x6 


o.aa 


o.x6 


o.a9 


o.aO 


0.44 


0.71 



0.68 
0.97 
1.47 

I.OX 

x-35 
x.30 

1.33 
X.08 

0.8a 

0.67 

X.76 

0.99 
x.xa 
6.30 
o.x6 



nearly normal, and the fluctuations occurring from month to month 
must be considered normal fluctuations. Thèse fluctuations from 
the normal and the effect of varions factors in producing normal 
fluctuations will be considered later. 

The numbers of bacteria and of B. coli in the Intake samples 
hâve usually been somewhat greater than those in the canal samples. 
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A study of the bacteria~£. coli ratios reveals that those ratios aiso 
hâve been constantly highcr for the Intake samples than for the canal 
samples, and that therc has been a greater imifonnity in the bacte- 
rial content of the Merrimack River water after it has passed through 
the canal and the short distribution pipes to the expérimental filters 
at the Experiment Station, taking the results ycar by ycar, and 
month by month, than was the case with the same water as it was 
applied to the Lawrence City Filter. 

The avcragc ratio on ail samples collected from the Intake during 
the entire seven years was 1.12, the lowest yearly average being 
0.81, in 1899, ^^d ^^^ highest 1.63, in 1900. The lowest monthly 
average occurred in August, 1899, ^^^ again in December, 1901, 
when the ratio was o.iô, and the highest monthly average, 6.30, 
occurred in March, 1900. The least variation in the monthly ratios 
for any one year occurred in 1904, the différence between the high- 
est and lowest values in that year being 1.27. The greatest varia- 



TABLE II 
AvERAOE MomBLY Bacreu — B. eoli Ratios on Samples pbom the Meerimack Rivze rsoM 

THE NOSTB CaNAU i8o8-I005 INCLUSIVE. 





1898 


1890 
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190 X 


1909 


1903 


1904 


I90S 
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0.80 


0.83 


0.47 


9.56 


0.59 


0.39 


0.9S 


X.9I 


0.97 


0.50 


0.4s 
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a. 4a 


0.61 
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0.14 
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April 

May 
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August 
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0.87 


9.66 
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0.41 


0.71 
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0.97 


O.S7 
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0.96 
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0.55 
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0.08 


0.91 
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0.97 


0.98 


1.40 
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0.93 
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0.99 
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1.40 
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0.4s 
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0.46 


0.08 


0.14 


0.39 


0.37 


0.63 


0.08 



tion in the monthly ratios in any year occurred in 1900, when the 
différence between the highest and lowest ratios was 6.08. 

The average ratio on ail samples from the canal during the entire 
period of eight years was 0.98, the lowest yearly average being 
o.80y in 1899, and the highest 1.41, in 1905. The lowest monthly 
ratio occurred in October, 1901, when the ratio was 0.08, and the 
highest occurred in August, 1905, when the ratio was 2.66. The 
least variation in the monthly ratios during any one year occurred in 
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1903, the différence between the highest and lowest values being 
i.oi, and the greatest variation in the monthly ratios occurred 
in 1901, the différence between the highest and lowest values being 
2.48. 

Normal ratios. — ^That the labor of Computing the ratios between 
the varions bacterial constituents is repaid by the additional informa- 
tion acquired as to the character of the water, is clearly demonstrated 
in the preceding chapters. The bacterial ratios may also be made 
to serve as a check upon the bacterial détermination, and by point- 
ing out fluctuations in the bacterial contents of différent samples 
of water from the same sources, which would otherwise hâve passed 
unnoticed, indicate the direction in which further investigations 
must be made to convert the hitherto unexplainable discrepandes 
between analjrtical results into significant facts. In order that we 
may hâve a clear understanding of the significance of the différent 
ratios, and of the relative numbers from which they are computed, 
it is important that we should know what are the normal ratios 
for différent classes of waters. The détermination of the normal 
value for any set of variable characters is distinct from the détermina- 
tion of the average of those characters, and consists in arranging 
the individual values in groups, each group containing ail values 
which are between certain limits, and the normal value for characters 
which hâve been arranged in this manner will then lie within the 
limits of the group which contains the greatest number of individual 
values. 

In Tables 12-15, inclusive, certain of the bacterial ratios hâve 
been grouped in this manner, the size of each group being expressed 
as the percentage which the number of samples included in the group 
is of the total number of samples examined. The varions 50^ ratios 
hâve been omitted, for the reason that a fair normal value cannot 
be obtained by the group method when the investigation covers 
less than 25 samples. On the other hand, déterminations of bac- 
teria and B. coli in Merrimack River water hâve been made on 
thousands of samples, while on certain other classes of samples 
many hundred déterminations hâve been made, with the resuit 
that the normal ratios for such waters are correspondingly accu- 
rate. 
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The normal ratio beiween the 2(P and jcP hacieria for the Merri- 
mack River sàmples appears to be about 5, 40 per cent of the samples 
having ratios between i and 5, 9 per cent being below i, and the 
remaining 51 per cent being well distrîbuted above 5. As the waters 
become purer, the ratios become more varied. The normal limit for 
Applied 216 is still between i and 10, but is apparently somewhat 
higher than in the case of the river water. The normal limit for 
the effluent from Filter No. 216, like the river water, is between 
I and 5, but the majority of the other ratios fall below rather than 
above those limits. The purer effluents from the water filters oper- 
ating at low rates are characterized by the large percentage of samples 
having ratios of o, and by the distribution of the remaining samples 
among the higher ratios, which fact is still further emphasized when 
we come to the pond waters. 

The normal ratio bePween the 2(P and 4CP bacteria again f ails be- 
tween I and 5 for samples from the Merrimack River and from Ap- 
plied 216. In the same group must be induded the effluent from 
mechanical Filter No. 216. The ratios for the other water filters are 
more widely distribu ted, 19 per cent of the samples not showing any 
growth at 40®, and 37 per cent having ratios above 15. The group 



table xa. 

DiSTBDUnON OF THE RaTIOS BKTWIXN 9o" BaCTXKIA AND BaCREU AT 30" AND 40" AMONO 

DiFFiBENT Samples roi Vakious Classes of Watsks. 
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of sea watcrs, containing, as it does, samples probably not exposed 
to pollution, and samples which are grossly polluted, shows a more 
uniform distribution of ratios than any of the other classes of waters, 
although the normal ratio for samples containing bacteria which are 
able to grow at 40® appears to lie between 5 and 10. The distinc- 
tion between the pond waters and the well waters is quite marked 
Forty-nine per cent of the pond samples and 42 per cent of the 
well samples did not contain any bacteria growing at 40^ C. Of 
the samples which did contain bacteria of this tjrpe, nearly ail of the 
pond samples hâve high ratios, while the ratios for the well samples 
are usually very low. The percentage distribution of the différent 
ratios between the 20® bacteria and the bacteria determined at 30** 
and 40^ for différent classes of waters is shown in Table 12. 

The normal ratios between the 2cP bacteria and the 30^ acid-pro- 
ducing organisms follow much the same rule as the 20^-30^ bacteria 
ratios, the distinction between the différent classes of water, however, 
being much more sharply marked. The normal ratio for Merri- 
mack River water lies between i and 5, and with a large majority 
of the ratios above 5, falling below 10. With the Applied 216, while 
the normal ratio lies between the same limits as for the river water, 
the other ratios are about evenly distributed above and below those 
limits. Again, with the effluent from Filter No. 216 the normal 
ratio is between 5 and 10, but the number of samples having ratios 

TABLE 13. 

Distribution or Ratios Bbtwsen ao" Bactksu and 30" Acid-Producinc Bacteria akonc 

DiPFERXNT Samples for Various Classes op Waters. 
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above 5 is small, and a considérable percentage of the samples did 
not show acid-producing bacteria. As we pass to the effluents from the 
slow water filters, and thence to the pond waters, the percentage of 
samples f ree from acid-producing bacteria increases, while the normal 



Bacteria Developing AT Différent Températures 247 

ratios for such samples as do contain bacteria of this type are above 5. 
The figures are shown in Table 13. 

Normal bacteria-B. coli ratios. — ^In determining the normal ratio 
between the 20® bacteria and the B. colij our available data cover 
a wider variety of sources and a larger number of samples than is 
the case of the ratios previously discussed. With raw sewages 
57 per cent of the samples examined hâve ratios between i and 5, 
and 26 per cent of the samples hâve ratios between 5 and lo, the 
other ratios being distributed on both sides of thèse limits. The 
normal ratio for raw sewages, then, is probably just below 5. 
The trcatment of sewage by septic action or by straining tends to 
eliminate abnormal ratios, as is shown by the fact that 75 per cent 
of the septic sewage samples and 83 per cent of the strained sewage 
samples hâve ratios between the i and 5. A somewhat smaller 
percentage of the ratios for the effluents from sewage filters is found 
between i and 5, although the normal ratios for thèse classes of 
samples still remain within those limits. A distinction between 
the effluents of the sand and trickling filters, whose action is cntirely 
aérobic, and the contact filters, whose action Ls partly anaërobic, 
is manifest by the considérable percentage of samples of the former 
classes which hâve ratios less than i, as compared with the small 
percentage of the lattcr class. The distribution of the ratios 
over a broader scs^e is also notable, indicating the fluctuating 
character of the types of bacteria contained in the effluents from ail 
types of sewage filters. The normal ratios for the Merrimack River 
water and Applied 216 are also between i and 5, with a large major- 
ity of the ratios outside thèse limits, falling below i. The effluent 
from Filter No. 216 has a normal ratio between i and 5, with 20 
per cent of the samples having a ratio of o, while the effluents from 
the slow water filters are characterized by the fact that 50 per cent 
of the samples hâve a ratio of o, the other ratios being fairly well 
distributed, with a normal ratio somewhat above 5. The variable 
character of the sea-water samples is évident from the distribution 
of the ratios. With this class of samples the normal ratio again f ails 
between i and 5, 39 per cent of the samples having ratios between 
those limits, with 21 per cent lying between 5 and 10, 14 per cent 
falling below i, and 19 per cent with a ratio of o. The différence 
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between the pond and well waters and the other classes of samples 
is indicated by the large number of samples which do not contain 
add-produdng bacteria at 40® C. A distinction occurs between 
the pond and well waters, as shown by the fact that the ratios for 
the former are distributed among the higher values, while the ratios 
for the latter are distributed among the lower values. The normal 
ratio is not apparent for the pond waters, but the normal ratio for 
such samples of well water as contained bacteria of this type falls 
between the limits previously noted for other classes of samples; 
that is, between i and 5. The distribution of the bacteria-£. coli 
ratios for ail samples from thèse 13 différent sources is shown in 
Table 14: 

TABLE 14. 

DisraiBUTioN of Bactxiia-B. e^i RAnos Among DirmxifT SAifw.F.» roi Vaiious Classis of 

Watess. 



Lawrence lewage 

Sepdciewage 

SCrained aewape 

Saod filter effluents.. . . 

Contact" 

Trickling filter effluents 

Merrimiick River 

Applied ax6 

FflterNo.aiô 

Other water filters 

Sea watert 

Pond waters 

Wells 





Pu CZMT OF Samw HaVIMG RaTIOS 


Ofo 


Less than 


Between 


Between 




z 


I ands 


S and 10 


xoand 15 





6 


57 


a6 


8 





10 


75 


xo 


5 





X7 


83 











31 


4ï 


XX 


5 





a^ 


48 


aa 


X3 





44 


XI 


XX 





36 


60 


a 


a 


4 


37 


58 


XX 





ao 





68 


8 


4 


SO 


3 


13 


X9 


6 


i^ 


14 


59 


ax 


a 


82 





3 


S 


3 


8a 


5 


xa 


X 






Above 15 

3 

o 

o 
xa 
xa 

8 

o 
o 
o 
9 
5 
7 
o 



In Table 15 is shown the distribution of the ratios between the 
bacteria and the acid-producers developing at 20®, 30®, and 40® C. 
In Computing the values in this table only samples are included 
which contained bacteria capable of development at the given tem- 
pérature. The différence between thèse ratios and the ones pre- 
viously discussed consist in their much wider distribution, and this 
has made necessary the grouping of the ratios between somewhat wider 
limits. 

The normal ratios between the bacteria and acid-producers at 20^ 
for Merrimack River water and Applied 216 appear to be about 
20 in each case. The normal ratio for the effluent from Filter No. 
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216 is well below 20, probably about 10; while the ratio for other 
filtered waters appears to be somewhat higher, lying between 15 
and 20. The pond waters are characterized by veiy low ratios, 
the normal ratio being about i, 41 per cent of the samples having 
ratios below i, and 31 per cent between i and 20. 

The ratios between the bacteria and acid-producers ai 30^ are higher 
than the corresponding ratios at 20^. The normal ratios for the 
river water and Applied 216 lie between 40 and 80, probably being 
about 60 in each case. A majority of the samples from Filter No. 
216 had ratios above 80, with 32 per cent of the samples having 
ratios between 20 and 40, the remainder of the samples being divi- 
ded in two equal groups, having ratios between i and 20, and between 
40 and 60. With the effluents from the slow sand filters we again 
find a majority of the samples having ratios above 80, with 36 per 
cent of the samples evenly divided into two groups, with ratios 
between 20 and 40, and between 40 and 60, respcctively. Seventy- 
five per cent of the pond- water samples hâve ratios above 80, while 
the remaining 25 per cent hâve ratios between 40 and 60. A dis- 
tinction between the différent classes of water is seen in the number 
of samples having ratios above 80, about 25 per cent of the pol- 
luted water samples, 50 per cent of the filtered waters, and 75 per 
cent of the pond waters being so characterized. 

Normal ratios between 4<P bacteria and acid-producers. — In study- 
ing the ratios between the bacteria and acid-producers at 40^ we 
hâve available a large variety of sources and more samples from 
each source, so that our results are more conclusive. The normal 
ratio for the river water appears to lie just above 60, while that for 
Applied 216 appears to be between 70 and 80. Over 55 per cent 
of the Filter No. 216 samples hâve ratios above 80, thus placing 
the normal ratio for this water just above 80. With the effluents 
from the slow water filters we find the ratios more imiformly distrib- 
uted, and although the normal ratio appears to be about 60, its 
location is not distinctively marked. The pond water normal ratio 
is located between 70 and 80, and the ratios are distributed less widely 
ail being above 20, as was the case with the samples from Applied 
216 and Filter No. 216. The sea waters are again divided into two 
groups, 19 per cent of the samples having ratios less than i, while 
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nearly ail the remaining samples had ratios above 40. The normal 
ratio for this latter group of sea-water samples is probably between 
50 and 60. The well-water samples are characterized by the fact 
that 68 per cent of the samples hâve ratios less than i, the ratios 
for the remaining samples being distributed in a fairly uniform 
manner. 

TABLE 15. 
Distribution or the Ratios betwxbn tbx Total Bacteua and thb Acid-Psoducimo Bactbiia 

AT ao", 30", AND 40" AMONG DlFFElSNT SaMPLKS VOS VaRIOUS ClaSSSS OW WaTERS. 



Pex Cent or Samples havimg Ratios 



than 



Between i 
and ao 



Between ao 
and 40 



Between 40 
and 60 



Between 60 
and 80 



Above 80 



PLATES nfCUBATED AT ao" C. 



Merrimack River . 

Applied ax6 

Fflter No. ai6 

Other water filters. 
Ponds 



10 


38 


40 


10 





la 


3ï 


3ï 


XQ 


7 


la 


60 


16 


4 





19 


31 


41 





9 


45 


31 


ï3 


3 


3 



a 
o 
8 
o 
S 



PLATES INCUBATBD AT yT C. 



Merrimack River . 

Applied ai6 

Fflter No. ai6 

Other water filters 
Ponds 






8 


13 


a8 


a8 





5 


16 


as 


ao 





6 


33 


6 








9 


x8 


18 














a5 






33 

as 

S6 

55 

75 



PLATES INCUBATED AT 40° C. 



Merrimack River. . 

Applied ai6 

Futer No. ai6 

Other water filters. 

Ponds 

Sea waters 

Wells 






5 


U 


«3 


4a 








16 


ao 


3a 








10 


xo 


»5 





la 


X3 


as 


31 








14 


14 


*2 


IQ 


I 


a 


48 


x8 


68 


a 


4 


XX 


4 



X7 
3a 
S5 
XQ 

43 
xa 

XI 



Causes of variation in bacierial contents of Merrimack River water. — 
As fluctuating factors which are most liable to influence the numbers 
of bacteria and B, coli^ and the ratio between bacteria and B. coliy 
in the water from such a source as the Merrimack River, we hâve 
the volume of water flowing in the river, the température of the water, 
and the amount of dissolved oxygen in the water. For a clear under- 
standing of the influence of thèse three factors it is first necessary 
to consider the influence of the varions factors upon one another. 
It is quite generally understood that the amount of oxygen dissolved 
in water varies inversely as the température, a greater amount of 
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oxygen being présent in the winter, when the water is cold, than 
in the summer, when the water is warm. The relationship between 
thèse two factors is shown quite clearly in Table 16. A study of 
the températures of the water, and of the amounts of dissolved oxygen 
at times of high and low water, reveals the fact that the average 
température was high, and the average amount of dissolved oxygen 
was low, when the river was low, thèse factors decreasing and 
increasing respectively as the volume of flow in the river increased. 
The average results of eight years' déterminations of the tempéra- 
ture and dissolved oxygen, arranged according to the volume of 
water flowing in the river, are shown as folio ws in Table 16: 

table 16. 
Relation ofTkmfbkatubbandDissolvxdOxygbm to Voluhz or Musdiack Rivbx- 



Flovr of River — Cubic Feet per Square Bfile of 
Watenhed 

LesB than x 

Between x and a 

" a and 4 

Above 4 




Dtasolved Oxygen 

— Parts per 

100,000 

0.73 
1.09 

X.II 

X.X3 



The effect of différent amounts of dissolved oxygen in the water 
is shown quite clearly in Table 17, in which the bacterial results 
hâve bcen arranged according to the amount of oxygen présent. The 
numbers of bacteria and of B. coli were both at a maximum when 
the dissolved oxygen in the water was between 0.50 and 0.75 parts 
per 100,000. As the amount of oxygen increased or decreased 
from thèse limits, the numbers of bacteria and B, coli decreased, 
the numbers of B. coli decreasing much more rapidly with the increase 

TABLE x7. 

Relation between Akount or Dissolved Oxygen and the Bacteeial Contents or B^eeximack 

Rivée Water. 



Dissolved Ozygen-Parts per xoo,ooo 

Less than o. 50 

Between 0.50 and 0.75 

" 0.7s " 100 

" 1.00 " i.as 

More tban i. as 



Bacteria per ce 



6,aoo 
10,000 
6,000 
4faoo 
Staoo 



B. coli per ce. 



74 

X04 
47 
37 
30 



Bacterio-B. edi 
Ratio 



1.4a 
X. x6 
0.87 
0.88 
OSQ 



in dissolved oxygen than did the bacteria. This is shown by the 
bacteria-£. coli ratios in the last column of the table, the ratios 
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dccreasing in proportion as the amount of oxygen in the watcr in- 
creased. 

The seasonal distribution of B. coli in samples of Merrimack 
River water bas been discussed in a former publication'^ in which 
it was shown that the average numbers of B, coli were higher during 
the summer months than during the winter months. A similar 
variation can be noted in Talâfe i8, in which the bacteria and B. 
coU and the ratio between the two hâve been arranged according 
to the température of the water at the time the samples were col- 
lected. The maximum numbers of both bacteria and B. coli occurred 
in samples from both locations when the température of the water 
was between 60® and 70® F., and the minimimi numbers of bacteria 
were found when the température was between 40® and 50® F. The 
températures at which the minimum numbers of B. coli were found 
in samples from the two locations do not agrée, being lowest in the 
canal water when the température was between 40° and 50® F., and 
lowest in the Intake samples when the température was between 
30® and 40® F. The bacteria--B. coli ratios were highest when the 
température was highest and lowest when the température was 
lowest, the values for intermediate températures, however, appearing 
to follow no definite curve. 

TABLE 18. 
Relation bctwesn Tempkratuix and Bacteeial Contents or I&uuiiace Rxvn Watek. 



TEMnMATUiE or Watbs — 
Deorees F. 



Below4o» 

Between 40*^ and 50" 
** so^andôo» 
" 6o»and7o' 

Above 70* 



Bactesia rsE ce. 



Canal 



5f8oo 

4iOOO 

6»4oo 

xXi3oo 

Staoo 



Intake 



OfOOO 

4«5oo 

9>500 

I5i300 

6,700 



B. coli rsR ce. 



r^nyï 



43 

36 

44 
100 

70 



Intake 



S» 

xio 

8a 



Bactesu-B. ctli 
Ratk) 



Canal 



0.83 
0.9X 
0.88 
X.08 
1-39 



Intake 



0.7a 
x.xo 
0.99 
0.97 
i.ax 



The averages of bacterial déterminations and the bacteria-£. 
coli ratios, arranged according to the volume of water flowing in 
the river, are shown in Table 19. Both bacteria and B. coli decreased 
as the volume of the river increased. We should expect this to be 
the case in a river such as the Merrimack, in which a large proportion 
of bacteria and B. coli are contributed by the sewage entering that 
river, the effect of dilution overbalancing other factors, such as wash- 
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ings from cultivated fields, etc., when averages of a large number 
of samples extending over a œnsiderable period are included. The 
ratios between the bacteria and B. coli on samples from the two sources 
do not agrée, the highest ratios being obtained for the canal samples 
when the river was low, and the lowest ratios when the river was 
high. With the Intake samples, however, the lowest ratios occurred 
at a time of médium high water, and the highest at extrême high 
water. 

TABI^ iç. 
Rblation bitween VoLXTifs or Flow AMD THB Bactuial Content or Merrimack Rivek Watbk. 



Flow or Rivu. Cubic Febt 
PXK Second pbr Square 
Mile or Watebshed 

LeasthAD i 

Between x and a 

a and 4 

Above 4 



Bactekia per ce. 



Canal 



7.S00 
6,800 
3i6oo 
3t4oo 



Intake 



xo«ooo 
6,aoo 
5.600 
3* 100 



B. eoU FEE ce. 



Canal 



66 
50 

16 



Intake 



88 

SI 
39 



Bacteeu-B. coU 
Ratio 



Canal 



1.07 

0.83 
0.63 



Intake 



0.97 

O.QO 

0.56 
X.07 



CONCLUSIONS. 

The apparent discrepancies which hâve occurred between the 
results of bacteriological and of chemical analysis of water hâve 
caused a reasonable doubt in the minds of many persons, having 
occasion to use such results, as to the practical value of the bacterio- 
logical déterminations. That such discrepancies do exist cannot 
be denied, and that the bacteriological results instead of the chemical 
results should be doubted is natural, considering that the complète 
chemical analysis is composed of a number of individual factors, 
eachof which has received long and carefid study, while the bacterio- 
logical procédure is confined to a détermination of the numbers of 
bacteria, and of the présence or absence of one spécifie type of bac- 
teria, i. e., the colon type. If the chemical analysis of water were 
confined to a détermination of the total nitrogcn content, instead 
of dividing that nitrogen content into its constituent parts — free 
ammonia, albuminoid ammonia, nitrates, and nitrites — and only a 
qualitative test were made for chlorine, the interprétation of the char- 
acter of the water from the chemical results would be as frequently 
in error as when a similar interprétation based on the usual bacterio- 
logical results is attempted. If, on the othcr hand, complète and 
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varied data regarding the bacterial contents of a water could be 
obtained, the apparent discrepancies would cease to exist, and the 
chemical and bacteriological analyses would supplément and con- 
fiim one another, rendering the correct interprétation of the quality 
of the water a comparatîvely simple matter. The object of the présent 
paper has been to supply a portion of the information necessary for the 
etablishment of bacteriological procédures by which a more thorough 
knowledge of the bacterial content of the water may be obtained. 
Nearly ail of the information desired conceming the bacterial content 
of water may be obtained by the use of sélective média, by the use 
of sélective températures, or by a proper combination of the two. 
In the présent investigation the sélective action of four différent 
températures, 20®, 30®, 40®, and 50® C, and two différent média, 
regular agar, and litmus-lactose agar, in determining the bacterio- 
logical contents of a number of différent kinds of water, hâve been 
studied; and while the results obtained hâve been in many cases 
inconclusive, and in other cases too few in number to warrant the 
drawing of any far-reaching conclusions, they indicate in a measure 
the procédures which must be followed in order to place the bacterio- 
logical analysis of water on the same plane as the chemical analysis. 

The results of the investigation may be summarized as follows: 
The nimibers of bacteria determinable upon agar or gelatin are 
very closely approximated by the numbers determined upon litmus- 
lactose agar, while the substitution of the latter médium for the 
former allows of the simultaneous détermination of the total bacteria 
and of the acid-producing bacteria without appreciably increasing the 
labor involved in the détermination. The numbers of the two classes 
of bacteria so determined indicate more completely the character of 
the water than would the numbers of either class determined alone. 

It is, of course, unnecessary to discuss the significance of the 
numbers of bacteria determined at 20® C. The number of acid- 
producing organisms determined at 20^ C, however, is an important 
check upon the total numbers. In one case we saw that with two 
well waters, one poUuted and one not polluted, the numbers of bac- 
teria in the pure well water were about twice as great as in the pol- 
luted water, but the numbers of acid-producing bacteria showed 
the high numbers for the pure water to be misleading. 
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The numbers of bax:teria and of acid-producing organisms deter- 
mined on litmus-lactose agar at 30^ C. after 24 hours' incubation 
are smaller than the numbers detennined at 20^ C. after two to four 
days' incubation; but even with thèse smaller numbers the distinction 
between the polluted waters and the waters of good quality is more 
sharply marked than is the case with the numbers determined at the 
lower températures. Déterminations at this température appear to 
be especially applicable to the control of water filters, since the 
relative purity of the raw and filtered waters, and the expression of 
the hygienic efficiency of such filters as the percentage removal 
of bacteria, are practically identical with similar déterminations 
made at 20^, while the advantage obtained by having the results 
available within 24 hours would prove invaluable in controlling the 
opérations of the filters and preventing any serious change in the 
character of the filtered water. 

The numbers of bacteria detennined at 40® C. are of great inter- 
est, since in this class of bacteria must be induded the disease-pro- 
dudng organisms. The distinction between waters of différent 
kinds and between waters of the same kind representing différent 
degrees of pollution is well marked by counts at this température. 
The significance of the nimoibers of acid-produdng bacteria deter- 
mined at 40® C. — i. e., bacteria of the colon type — is well known. 
It may be said, however, that the usual practice of making qualita- 
tive déterminations of the présence or absence of B. coli should be 
supplemented by quantitative déterminations. It is the belief of the 
writer, based on expérience gained in the présent study, that con- 
sidérable numbers of bacteria of the colon type may occur in waters 
which are supposedly quite pure, judging from their total bacterial 
content, while on other occasions a positive test for B, coli may be 
caused by an isolated organism of that type. In the one case the 
water would be open to suspicion, in the other case it would prob- 
bably be relatively harmless, although no such distinction could 
be made from the results of the qualitative tests. 

The results of déterminations of bacteria and of .acid-producing 
organisms which are able to develop at a température of 50^ C. 
are quite interesting. We see that relatively large niunbers of bac- 
teria of this type occur in sewages and in the effluents from sewage 



256 Stephen DeM. Gage 

filters in which the free passage of the sewage îs practically unre- 
strained, while they are entirely absent from surface and ground 
waters which hâve not bcen exposed to any considérable pollution. 
It is rather surprising, however, that the numbers of bacterîa of 
this type in very polluted Merrimack River water were not larger. 

The information to be obtained by counts of bacteria and acid- 
producing organisms at any one of the above températures is greatly 
increased by the combination of the results obtained from counts 
at two or more températures, and this information is much more 
clearly shown if we express the relationship between the counts 
at the différent températures methematically. Many individual 
différences between différent waters are indicated by the bacterial 
ratios which would not be apparent in the results of the counts. 

The writer is inclined to believe that a combination of counts 
at 20® C. and at 40® C. with corresponding ratios will yield informa- 
tion which will enable us to understand many of the hitherto unex- 
plainable discrepancies in the results of bacterial analysis of water. 
The combination of 20® and 30® counts appears to be of less value 
while the value of 50® counts in combination with the other counts 
has not been sufficiently studied to détermine their applicability. 

In conclusion, the writer wishes to acknowledge his indebtedness 
to the varions members of the laboratory force at the Lawrence 
Experiment Station for assistance iu making the many détermina- 
tions, and to Mr. H. W. Clark, chemist in charge of the station, 
whose hearty co-operation has made the investigation possible. 
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THE TOXIC EFFECT OF CERTAIN ACIDS UPON TYPHOID 

AND COLON BACILLI IN RELATION TO THE 

DEGREE OF THEIR DISSOCIATION * 

C.-E. A. WiNSLOW AND E. E. LOCHRIDGE. 
(Fr^m the Biological Laberaktries of the Massachusetis InstUuU of Teckm&logy.) 

I. INTRODUCTION. 

The researches of the physical chemists, iinder the leadership of 
Arrhenius and Nernst, hâve shown that certain substances in aqueons 
solution become dissociated or broken up into elcctrically charged 
part-molecules (atoms or groups of atoms), which are called ions. 
The extent to which this occurs varies with différent substances and is 
greatest in the most dilute solutions. With strong acids and bases, 
and their salts, it is practically complète at a strength of o.ooi normal. 
With such solutions it is évident that any effect, chemical or physio- 
logical, which they exert, must be due to the dissociated ions. The 
properties of a dilute solution of sodium chloride are the properties 
of sodium and chlorine ions, and the properties of hydrochloric acid, 
of hydrogen and chlorine ions. By the comparison of a séries of 
properly selected compounds it is easy to détermine the spedfic 
influence of each ion. The study of the toxic action of varions 
substances in the light of thèse facts promises to be of great assis- 
tance in the development of a rational theory of disinfection. 

The first definite statement of the relation between dissociation 
and disinfectant power with which we are familiar was made by 
Dreser. This author (Dreser, 1893), in a study of the pharmaco- 
logical value of varions salts of mercury, found that the double 
hyposulphite of mercury and potassium was much less poisonous 
than other compounds containing the same amount of mercury, and 
explained the phenomenon by the fact that this sait on dissociation 
does not set free mercury ions, but breaks up into potassium at the 
cathode and Hg S4O6 at the anode. His experiments were made on 
yeast cells, frogs, and fishes. In the former case he found it possible 
to prevent ail development in a yeast culture by mercury salts, and 

*Received for publicadoii Mardi 5, 1906. 
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then by the addition of potassium hyposidphite to permit fermenta- 
tion without precipitating any of the mercury, simply by -the 
formation of the difiFerently dissociated double sait. 

Scheurlen and Spiro (1897) confirmed the conclusions of Dreser 
as to the corrélation between dissociation and disinfectant action 
among the mercury salts, and extended them to cover certain com- 
pounds of iron. At the same time they maintained that in other 
cases (the ethylchlorid and ethylsulphate of mercury) strong disin- 
fectant action was apparently due, not to free ions, but to the 
undissociated molécule. 

A number of phenomena which had long been empirically f amiliar 
in bacteriology foimd an easy explanation on the electrolytic theory 
of disinfection. The effect of température in increasing the activity 
of disinfectants, for example, had been pointed out by Koch (1881), 
and later by Behring (1890) and Heider (1892), and many others. 
It was at once obvions that this might be due in some cases to the 
increased dissociation at high températures. It would be well worth 
while today to see how far the increased activity of disinfectant nms 
quantitatively parallel to its dissociation. Again, Minervini (1898), 
and other investigators, hâve shown that varions antiseptic agents 
(carbolic acid, chromic acid, mercuric chloride, and silver nitrate 
in Minervini's experiments) are much less active in alcoholic than in 
aqueous solutions. This fact, too, is easily explicable as due to the 
diminished dissociation in such solvents. 

The relation between dissociation and toxicity was put upon a 
Sound quantitative basis by the work of Krônig and Paul, fir^t pub- 
lished in 1896 (Paul and Krônig, 1896), and in fuller détail in 
the next year (Krônig and Paul, 1897). Thèse authors carried out 
an elaborate séries of experiments on the disinfectant action of varions 
salts, bases, and acids in the light of the new conclusions of physical 
chemistry. The détails of the investigation were arranged with the 
greatest care in order to secure comparable results. Spores of BaciUus 
arUhracis and végétative cells of Micrococcus aureus were used, dried 
on Bohemian gamets. By using a definite number of gamets of a 
certain size shaken up with a suspension of an agar culture, after 
filtering through paper, and carefully drying, it was foimd possible to 
expose approximately the same niunber of cells in each experiment. 



26o C.-E. A. WiNSLOW AND E. E. LOCHRIDGE 

The gamets were dried for 12 hours at 7° and exposed în platinum 
sieves to the action of the disinfectant solution studied. The tem- 
pérature was kept constant at 18° C. during the experiment, and after 
the desired time had elapsed the excess of disinfectant was carefully 
removed by appropriate reagents (neutralization of acids and bases, 
précipitation of heavy metals with ammonium sulphide, etc.). After 
thorough rinsing, the gamets were shaken up with water to detach 
the cells, which were then plated on agar. No attempt was made 
accurately to fix a killing point by testing a long séries of dilutions 
of each disinfectant, and no exact calculations were made of dissocia- 
tion. In a gênerai way, however, the number of spores of B. anthrads 
which developed after treatment for a given time varied inversely 
with the amount of dissociation. "J^hus in the study of metallic salts 
it appeared that the activity of varions compounds of mercury, 
silver, copper, and gold was greatest in those actively dissociated, 
and decreased in those which yield less free metallic ions. Solutions 
of mercuric chloride and silver nitrate, in alcohol, where no dissocia- 
tion occurs, showed almost no disinfectant action. Fùrthermore, 
the toxic action of a sait having poisonous metallic ions was markedly 
diminished by the présence of a non-toxic sait of the same acid. 
This is in accord with physico-chemical theory; in any solution the 
ratio between the undissociated molécules and the product of free 
anions and cations is constant, so that the addition of sodium chloride 
to mercuric chloride keeps the proportion of chlorine ions the same, 
but replaces a portion of the mercury ions by those of sodium. So 
it appeared in Kronig and PauPs work that successive additions 
of sodium chloride to mercuric chloride progressively increased 
the number of colonies developing after the usual treatment. In 
the study of différent salts of the same métal it was found that the 
acid radical may also exercise considérable influence on the disinfect- 
ing power. 

With bases Krônig and Paul found the same gênerai relation to 
hold, anunonium hydroxid, which is weakly dissociated, being a 
much less active disinfectant than the corresponding compounds 
of potassium, sodium, and lithiimi. The authors noted in a gênerai 
way a diminution of disinfectant action in the présence of organic 
compounds. The decrease was most marked with the halogens and 
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oxidizing agents, and less with acids and bases. Disinfectants them- 
selves of organîc nature were least affected. 

The particular phase of the subject with which we are especially 
concemedy the disinfectant action of the acids, was not exhaus- 
tively treated in this investigation. One séries of experiments was 
made with normal and half -normal solutions, in which it was found 
that hydrofluoric, nitric, and trichloracetic acids in normal strength 
killed ail the anthrax spores in 120 minutes. Normal chloric, hydro- 
bromic, and hydrochloric acids and half-normal oxalic acid left a few 
spores alive after eight hours. Normal sulphuric acid was a little 
less effective, and normal phosphoric, formic, and acetic adds left 
large numbers of organisms alive after eight hours. Hydrocyanic 
acid in normal strength showed little action even after 30 hours. 
The investigators conclude that there is a gênerai relation between the 
action of the acids and the amount of dissociated hydrogen présent ; 
but there appear many exceptions to a strict parallelism. The 
authors attribute thèse exceptional effects to the anion or the undis- 
sociated molécule, and point out that in more dilute solutions they 
tend to disappear. Thus, 0.06 normal solutions of hydrochloric, 
chloric, nitric, and trichloracetic acids showed about the same 
disinfectant action, apparcntly due to the présence of an approxi- 
mately equal amount of dissociated hydrogen. 

At a still earlier period a somewhat similar séries of investigations 
to those of Paul and Krônig had been carried out in another field. 
This was a study of the relation between toxicity and dissociation 
as measured by the effect of various salts and bases, and a long 
séries of organic and inorganic acids, on the higher plants, by 
Kahlenberg and True (1896). Their method consisted in determin- 
ing the maximum strength of solution in which seedlings of Lupinus 
albus could grow. The seedlings were exposed for 15 to 24 hours, 
and their condition determined by their gênerai appearance and by 
the growth which had taken place. Thèse plants proved very 
sensitive to the action of dilute acid, a strength of from 0.00008, to 
0.00064 normal killing them in almost every case. It is interesting 
to note that boric acid was endured in 10 times this strength. In 
gênerai, the poisonous action ran paraUel with the degree of dis- 
sociation, but certain of the organic acids showed relations of their 
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own. The authors conduded that "in the case of plants the toxîc 
action of solutions of electrolytes, when dissociation is practically 
complète, is due to the action of the ions présent. When dissocia- 
tion is not complète, the undissociated part of the electrol3rte may 
also exert a toxic effect." Heald (1896) extended the work of Kahlen- 
berg and True to the seedlings of three ôther flowering plants, and 
reached the same gênerai conclusions. Ail thèse authors pointed 
out clearly that the effect of the common minerai acids is due to 
hydrogen alone, since their anions hâve almost no strong toxic action 
when neutral salts are used. 

The next work along thèse gênerai Unes was carried out in another 
field of botany by Stevens (1898), at the University of Chicago, the 
measure of viability used being the germination of fungus spores. A 
study had been made by Wûthrich (1892), at a much earlier date on 
the toxicity of metallic salts and adds for the spores of fungi; and 
Maillard (1898 and 1899) at about the same time reported experi- 
ments on the inhibition of the growth of Pénicillium by copper salts. 
In Stevens' experiments the spores were inoculated into hanging-drop 
préparations of the solutions tested, and examined for development 
after 24 hours. The five organisms used exhibited marked différ- 
ences in their susceptibility, although ail were much less affected 
than the phanerogamous seedlings, requiring a strength of 0.01-0.02 
normal acid to înhibit germination. The relative toxic effect of 
varions substances was not unlike that observed by Heald and 
Kahlenberg and True. Mercuric chlorid and varions copper salts 
proved most fatal, the acids and cyanides being less active. By 
the comparison of varions substances it appeared that of the anions, 
CN, Cr04, CrjO,, and OH are poisonous, and of the cations, Hg, 
Cu, and H, while the halogens and SO4 in dilute solutions exert no 
influence. 

A still more exhaustive study of the effect of toxic agents upon 
the fungi was made by Clark in the next year (Clark, 1899). '^^^^ 
investigator foUowed the same gênerai method as that of Stevens, 
exposing spores in hanging-drop cultures to the activity of the agents 
to be tested. The cultures were divided into four classes: those which 
grew normally, those which showed irregular or retarded growth, 
those which failed to develop in the médium tested, but grew after 
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transfer to fresh beef infusion, and those which entirely succumbed 
to the action of the toxic substances. The wide difiFerence between 
the concentration of acid producing, respectively, injury, inhibition, 
and death was one of the most interesting results of thèse experiments. 
As in Stevens' work, it was apparent that the fungi are extremely 
résistant to disinfectants, and it was necessary to use somewhat 
concentrated solutions, from 0.008 to 0.287 i^ormal acid, for killing. 
It is perhaps partly for this reason that, as the author says, '' in this 
study no new évidence has been adduced supporting the theory that 
the chemical activities of a substance are due wholly or chiefly to the 
ionized portion." On the other hand, it was held that "in the case 
of several acids, ionization lessens the chemical activities toward 
the substances involved in the life-processes of the plant." This 
conclusion is based on calculations of the spécifie toxicity of each ion 
and molécule, obtained by comparing the effects of différent com- 
pounds varying from each other in one élément or group. Thus, hy- 
drochloric acid in the solutions used was over 90 per cent dissocia- 
ted and since experiments with the similarly dissociated chloride of 
potassium showed this sait to be practically non-toxic, it is évident that 
its action was due to the combined effect of the hydrogen ion and the 
undissociated molécule. Nitric acid, dissociated in the same proportion 
was much more toxic. Since hydrogen ions are equal in the two cases 
and since the NO3 ion is harmless, as shown by experiments with 
neutral salts, the increased effect must be due to the undissociated 
part of the molécule of nitric acid. Clark calculâtes that the toxic 
value of one molécule of undissociated HNO3 îs 7.7 times that of an 
ion of hydrogen, so that the acid actually loses nearly seven-eighths 
of its disinfectant power by becoming ionized. 

The effect of sulphuric acid was about the same as that of hydro- 
chloric; since it is less dissociated, the author attributes an appréciable 
influence to the anion, HSO4. Acetic acid, at the strength used, is 
only 2 per cent dissociated, so that its high toxic effect is due to the 
un-ionized molécule. 

The results obtained in this séries of experiments with hydro- 
cyanîc acid are also interesting. Krônig and Paul (1897) found 
this acid almost without effect on anthrax spores, while Kahlenberg 
and True (1896), on the other hand, record very strong toxic action 
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on the seedlings of higher plants. In Clark's experiments it proved 
far more fatal than any other acid, being 70 times as active as 
hydrochloric. The molécule at the concentrations used is probably 
only slightly dissociated. 

In some ways the most important work upon this subject was 
the very careful study made by Bial, of the antiseptic action of the 
hydrogen ion of dilute acids upon yeast. He first became interested 
in the problem from a considération of the causes which allow pro- 
duction of gas in the stomach, and carried out his earliest experiments 
by observing the gas formation in yeast cultures in the présence of 
varions substances présent in the normal gastric juice. This séries 
of studies (Bial, 1897) showed that the présence of albuminoid 
substances or of sodium chloride efiFected a marked restriction of 
the antiseptic action of hydrochloric acid. Bial at this time did not 
apply physico-chemical théories to the explanation of thèse phenom- 
ena; but in another contribution he made a fuller study of the 
problem. His later experiments (Bial, 1902) were again made with 
yeast cells, cultivated in fermentation tubes filled with grape-sugar 
solution to which varions amounts of acid had been added; the 
antiseptic action was inversely registered by the amoimt of gas 
produced. The advantage of this method is its great delicacy; 
the fermentative power of the yeast responds to such extremely 
minute quantities of acid that the ionic effects are not complicated 
by other actions which appear in stronger solutions. Bial did not 
make exact calculations of the amount of dissociated hydrogen 
necessary to inhibit the yeast, but he found that a gênerai relation 
existed between the ionization and the antiseptic action. The 
strongly dissociated acids — hydrochloric, sulphuric, nitric, and 
trichloracetic — entirely stopped the action of the yeast in concentra- 
tions of between 0.005 and 0.008 normal. Acids of an intermcdiate 
grade — phosphoric, formic, and oxalic — accomplished the same effect 
when o.oi normal; while acids still less dissociated — ^acetic, benzoic, 
and butyric — stopped ail fermentation only when 0.04 to 0.07 normal. 
The most striking feature of Bial's work was a séries of experiments 
on the diminution of the antiseptic action of acids by the addition 
of neutral salts whose action is to decrease the dissociation of the 
acidic hydrogen. A solution of o.oi normal formic acid and 0.3 
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normal sodium formate showed active fermentation, as did a solution 
of 0.0166 normal hydrochloric acid and 0.2 normal sodium chloride. 
The same phenomenon was observed with oxalates, nitrates, sulphates, 
and acétates. An exhaustive study in the case of hydrochloric acid 
showed that, while a certain amount of sodium chloride diminished 
the toxicity of the acid, a much larger amount actually increased it. 
Bial attributes this to a catal3rtic action of chlorine ions, but it seems 
to us that the facts may be explained more simply by the direct 
inhibiting effect of the sodium chloride and its ions. Bial found that 
twice normal sodium chloride without any acid prevented fermenta- 
tion; and it is quite possible, in dealing with living organisms, that 
the combined effect of the acid and the chloride would be inhibitory 
at concentrations which with either acid or base alone might allow 
fermentation to go on. Bial studied also the effect of hydrochloric 
acid and sodium chloride in the présence of peptone, and found that 
the yeast would bear more of the sait than in the présence of acid 
alone. 

The experiments of Paul and Krônig demonstrated clearly that 
in certain solutions disinfectant action runs parallel with the présence 
of dissociated ions. The work upon the higher plants and the mold 
fimgi confirmed thèse results, but showed that in other cases the 
undissociated molécule is of great importance. Bial's studies brought 
out clearly the influence of neutral bodies, inorganic salts or proteids, 
in diminishing disinfectant action by dccrcasing dissociation. 

The problem is, of course, complicated by still other chemical 
interactions which are more obscure. For example, Scheurlen, (1895), 
Beckmann (1896), Rômer (1898), and Spiro and Bruns (1898) hâve 
shown that in the case of phénol and certain other organic disinfectants 
the addition of sodium chloride greatly increases toxic action. Still 
another factor which affects disinfectant power has been brought 
out in récent years by Nâgeli (1893), and other observers — the 
présence of suspended solid particles of neutral character. In 
the most récent communication upon this subject by True and 
Oglevee (1905) it was shown that the toxic effect of metallic salts 
upon Lupinus may be entirely counteracted by the présence of 
finely divided particles of sand, glass, filter paper, coal, starch, or 
paraffin. On the other hand,the toxic effect of organic disinfectants 
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— phénol, th)miol, and resorcînol — was aflFected only to a barely 
appréciable degree. The action when it occurs is explained by the 
power of suspended particles to remove dissolved substances by a 
process of adsorption, and the possibility suggests itself that the 
removal of ions by large organic molécules in true or colloïdal 
solutions may be of an analogous character. Whatever the cause, 
this phenomenon must prove of far-reaching importance in bacteri- 
ology. Such facts as the observed multiplication of bacteria, when 
water samples are stored in glass bottles, may be the resuit of a 
removal of inhibiting substances by the adsorptive action of glass 
surfaces. 

A considérable body of évidence in the field of animal physiology 
bears out thèse conclusions obtained from the study of bacteria and 
other plants. A fairly fuU sununary of this literature may be found 
in the reviews of Cohen (1903) and Hamburger (1904). The work 
of Kahlenberg (1898) and other observers, who hâve shown that the 
taste of dilute solutions is in many cases due to the spécifie properties 
of the dissociated ions, is of interest. Studies which hâve been 
frequently cited were made by Loeb (1897 and 1898), and recently 
reprinted (Loeb, 1905), on the influence of free ions upon frog's 
muscle. The gastrocnemius muscle absorbs water and increases its 
weight in the présence of slight traces of acids or alkalis, and Loeb con- 
cluded that for the inorganic acids and bases this increase in weight 
is solely a function of the number of hydrogen and hydroxyl ions in 
the unit of volume. This sweeping conclusion is hardly borne out 
by his experiments. With the organic acids there was no relation 
whatever. Trichloracetic acid, almost entirely dissociated, and 
lactic acid, with only 11 per cent dissociation, gave practically the 
same results. With a séries of 11 différent organic acids of every 
degree of dissociation, the individual variation in weight-increase, 
with 0.009 normal solutions, ranged only between 3.9 per cent and 
7.2 per cent. 

A very significant Une of physiologîcal investigation concems the 
binding of free ions by organic molécules of large size. In one of 
the most récent communications on this subject, Stiles and Beers 
(1905) hâve shown that the effect of calcium chloride, barium potas- 
sium chloride, and sodium nitrite upon plain, cardiac, and striped 
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muscle of the frog, terrapin, and guinea-pig was reduced from one- 
half to three-fourths in the présence of whîte of egg, partially dialyzed 
sérum, peptone, or starch. In some cases a combination between the 
morganic body and the proteid has been demonstrated by freezing- 
point déterminations, but in other cases particularly with the neutral 
salts, this has not been shown. As the authors suggest, thèse experi- 
ments point to the existence of " physiological compounds which are 
not demonstrable at ail by chemical methods, but only by the 
reactions of living tissues." 

2. OBJECT AND METHODS OF THE PRESENT INVESTIGATION. 

The présent investigation was begun with the intention of deter- 
mining the effect of acid wastes in sewage upon the viability of the 
typhoid bacillus under practical conditions. It soon appeared, 
however, that the problem was too complex to be attacked in any 
gênerai way without the preliminary détermination of certain of the 
individual factors involved, under definitely controlled conditions. 
We hâve therefore attempted to find the disinfectant power of twc 
minerai acids and two organic acids upon the typhoid bacillus in tap 
water and in the présence of peptone, and hâve controlled thèse 
experiments by a parallel séries with the colon bacillus. The results, 
besides their spécifie value as déterminations of the reactions of thèse 
two organisms to dilute acids, hâve a certain interest in relation to 
the gênerai theory of disinfection. In ail the experiments reviewed 
above, except Bial's, the acids used were tested in only a few widely 
differing strengths, so that the parallelism between disinfectant action 
and dissociation was not established with any great exactness. In 
the work of Krônig and Paul on anthrax spores and the various studies 
on the mold fungi, it was necessary to use such strong solutions 
that ionic effects were largely masked by the influence of the undis- 
sociated molécule, and in the studies of Kahlenberg and True and 
Heald on the phanerogams it was évident that with such complex 
organisms many other factors than the direct effect on protoplasm 
come into play. There was room, therefore, for a séries of experi- 
ments on organisms sensitîve to very dilute acids, carried out in 
suflScient détail to show definitely the relations between toxicity 
and dissociation. 
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With the view of securing exact quantitative results, we adopted 
the method of exposure to the acid tested, in a suspension from 
whîch samples were directly plated. This process has the obvious 
defect of permittîng a certain amount of the disinfectant to be 
carried over to the plate, where it may exert an antiseptic action. 
We hâve really measured the combined disinfectant action in the 
suspension and possible antiseptic action in the plate. The action 
of organic matter in decreasing toxicity, shown by our experiments, 
must greatly reduce any such action in the plate. 

The procédure in each experiment was as follows: A séries of 
bottles, each containing loo ce. of stérile water (or peptone solution), 
was arranged in a row, and to each bottle was added a différent 
amount of standardized acid from a graduated pipette. The amount 
of water in each bottle was measured at the end of the experiment, 
in order to obtain the exact strength of the solution. Immediately 
after the addition of the acid there was added to each bottle i ce. of 
a fresh aqueous suspension of the bacteria tested. After standing 
for 40 minutes, lactose agar plates were made in duplicate, from 
the acidified bottles, and from controls with no acid. Colonies were 
counted after 24 hours' incubation at 37° C. 

Forty minutes was selected, after some preliminary experiments, 
as the best period of exposure to the acid, since it gave sharper 
results than a shorter time. In the tests reported in the accompany- 
ing tables there was not a variation from the 40 minutes of more than 
one minute in most of the samples. The séries for B. iyphi in water, 
with HCl, were also examined after 100 minutes, and after 24 hours. 
In the sample containing 48 parts per million of sulphuric acidi 
there was, after 40 minutes, 59.3 per cent removal of B, typhi; after 
100 minutes, 88.15 per cent removal; after 24 hours, 100 per cent 
removal. The sample containing 92.9 parts per million of sulphuric 
acid removed after 40 minutes 92.97 per cent; after 100 minutes, 
99.99+ per cent; after 24 hours, 100 per cent. The removal was 100 
per cent in ail of the samples containing larger amounts of acid after 
103 minutes, and in ail of the samples after 24 hours. 

The température factor was of considérable importance, and care 
was taken to keep conditions uniform. No agar was poured with a 
température greater than 50° C. It was found that a rise in tem- 
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perature in the présence of the acid was very fatal în its effect on the 
bacteria. 

The typhoid culture used was obtained from the Massachusetts 
General Hospital, where it had been isolated from the spleen of a 
clinically typical case of typhoid fever; the colon bacillus was isolated 
in the laboratories of the Institute, and both gave ail characteristîc 
reactions. Twenty-four-hour agar-slant cultures were used in ail 
cases. 

The tables hâve been prepared to show, in the first column, the 
parts per million of the acid, and in the second column the parts per 
million of acidic hydrogen or, more accurately, of replaceable 
hydrogen. The third column shows the strength converted into terms 
of normality. The percentage dissociation of the acids at each dilu- 
tion is given in the fourth column, and the actual parts of disso- 
ciated hydrogen in the fifth. The last two columns show the initial 
number of bacteria used as shown by blank controls and the per- 
centage réduction after 40 minutes. 

The tables show in gênerai that with increasing quantities of 
disinfectant the bacterial réduction proceeds rapidly up to a certain 
point. After 99 per cent of the organisms hâve been killed, how- 
ever, it takes a very considérable further increase of acid to produce 
sterilization. This is a point of very fundamental importance, and 
one which has been observed in studying the effect of such various 
agents upon the bacteria, that it deserves spécial attention. Sedg- 
wick and one of us (Sedgwick and Winslow, 1902) hâve called atten- 
tion to the persistence of a few specially résistant individuals when 
typhoid bacilli are exposed to the action of cold. After 14 days of 
exposure to freezing température 99.8 per cent of the organisms 
were killed, but after three months a few stiU survived. Johnson's 
tables of the réduction of typhoid and colon bacilli by copper salts 
(Johnson, 1905) show the same phenomenon, although he does 
not comment upon it specifically. More recently, Frost and Swenson 
(1906), and Gage and Stoughton (1906), hâve emphasized this 
peculiar phenomenon, in connection with résistance to high tem- 
pératures. The former authors, working with B. dysetUeriae, found 
that "the majority of the cells were killed between 55° and 60°, but 
that frequently a relatively smaU number, possibly one individual 
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in a hundred thousand or a million, may persist at much higher 
températures, even 70°." Gage and Stoughton in theîr conclusions 
point out that "the great majorîty of the bacteria in any B. coli 
cultures are destroyed by five minutes' exposure to some tempéra- 
ture between 50® and 60° C. A few individuals, however, in each 
culture will survive much higher températures, in some cases re- 
maining alive after exposure to 90® C. The very close range (about 
10° C.) of température at which the destruction of the majorîty of the 
individual bacteria occurred, as compared with the considérable 
range (about 35° C), in the températures at which complète stérili- 
sation was effected would indicate that the détermination of the 
majority death-point would be of more value in species identification 
than is the détermination of the absolute thermal death-point as at 
présent employed." 

Altogether it seems clear that among what are ordinarîly con- 
sidered non-sporing bacteria there exists a small proportion of indi- 
viduals having specially high résistant powers against unfavorable 
conditions. The absolute death-point for thèse résistant forms is 
difficult to détermine accurately on account of their small nimibers 
and the conséquent chances that they may bc overlooked. We are 
inclined from our expérience to agrée with Gage and Stoughton as 
to the superior value for many purposes of the majority death-point 
(99 per cent), and we shall lay spécial stress on this in interpreting 
our results. 

3. THE DISINFECTANT ACTION OF HYDROCHLORIC ACID AND 
SULPHURIC ACID UPON B. TYPHI AND B. COLI. 

Hydrochloric acid and sulphuric acid werc chosen as types for 
the study of strong minerai acids, and the experiments were carried 
out as described above. The water used was Boston tap water, 
containing before sterilization about 40 parts per million of residue, 
15 parts of hardness, 0.015 part of free ammonia, and 0.144 part of 
albuminoid ammonia. The results are shown in Tables 1-4. 

The 99 per cent killing-point with the hydrochloric acid is reached 
at a strength of 0.0077 normal J with 7.49 parts of dissociated hydro- 
gen per million, and the absolute killing-point, as nearly as it can be 
determined, with a 0.0123 normal solution containing 11.80 parts 



Effect of Acids on Typhoid and Colon Bacilli 271 

TABLE X. 
Action or Hydkochloric Acm on B. coli zn Tap Watbs. 



Add Parts ix) 

X|OOOiOOO 


Hydragen 
Parts in 


Nonnality 


Per C^nt of 
Diasociation 


Dissodated 

Hydragen. 

Parts in 

XfOOOiOOO 


Bacteriaper 
ce. before 
Treatment 


Perœntage Ré- 
duction of Bacteria 
after4oMin. 


38.x 


x.os 


0.00x0 


98.0 


1.03 


40.000 


00.00 


77.6 


a. 13 


o.ooax 


98.0 


a. 09 


tt 


45 00 


X04.S 

X49 


3.3a 
4.08 


0.0033 
0.004X 


97. S 

97.3 


-H 


4« 


79.8s 
89.50 


X78.9 
a8x.o 
998.0 


490 
7. 71 
8.X7 


0.0049 

0.0077 
0.0089 


97. a 
97.0 

96. s 


4.76 
7.49 
7.90 


«« 

90/x)0 


97.50 
99.87 
99.96 


377.0 


xo.6x 


0.0x06 


96.4 


X0.94 


tt 


99.99 


447.0 


xa.96 


0.0x93 


96.4 


XX. 80 


•1 


xoo.oo 


5x5.0 






96.3 


• • • • 


M 


xoo.oo 


590.0 






96.3 


■ • • • 


«* 


xoo.oo 


663.0 






96. a 


« • • • 


M 


xoo.oo 



TABLE 9. 
Action ov Sulphtaic Acm on B. ecii m Taf Watbs. 



Add Parts in 

X|000|000 


Hydrogen 
Parts m 


NonnaHty 


PtrCentof 
Dissodation 


Dissodated 

Hydragen. 

Parts in 


Bacteria per 
ce. before 


Percentage Ré- 
duction of Bacteria 
after4oMin. 


45.9 


0.94 


0.0009 


93 


0.87 


6o/>oo 


66.90 


46.S 


o.9< 
9.98 


0.0009 


93 


0.87 


140,000 


80.00 


XXX. s 


0.0093 
0.009a 


S9 


9.05 




8X.43 


138.3 


9.89 


9.51 


6o/>oo 


86.U 


X76.6 


3.69 


0.0036 


88 


3.x8 


•« 


06.95 
89. X4 


X78.9 


364 


0.0036 


88 


3.90 


140,000 


995.9 


4.59 


0.0046 


86 


i.^ 


6o/>oo 


96.95 


«57. a 


5.95 


0.0059 


§5 


•t 


98.50 


3XX.S 
375-9 


6.36 
7.68 


0.0064 
0.0077 


§3 


m 


X4o,ooo 
•• 


US 


470.0 


9.60 


0.0096 


80 


8.93 


•t 


99.99 


SSa.o 


XX. 30 


0.0XX3 


'4 




99.99 


630.0 


X9.90 


0.0x99 


X0.05 




99.95 


693.5 


X4.X3 


0.0X4X 


77 


X0.90 


•« 


99.95 


8x9.0 


X6.57 


0.0166 


76 


X9.6o 


»i 


XOO.OO 


9x0.0 


18.57 


0.0186 


75 


13.95 


t« 


xoo.oo 



of dissodated hydrogen. With the sulphuric acid the 99 per cent 
réduction was reached at a strength of 0.0096 normal, with 7.68 parts 
of dissociated hydrogen, and the 100 per cent réduction at a strength 
of 0.0166 normal, with 12.6 parts of dissociated hydrogen. Thèse 
results show a direct relation between disînfectant action and free 
hydrogen ions. The normal strengths of the killing solutions do not 
correspond very closely; 0.0077 sulphuric acid failed to do what the 
same strength of hydrochloric acid did, and 0.0129 *^d 0.0141 sul- 
phuric acid failed to do what 0.0123 hydrochloric acid did. On the 
other hand, when we compare dissociated hydrogen, allowing for 
the greater ionization of the hydrochloric acid, the discrepancies 
disappear. The same concentrations of dissociated hydrogen, within 
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the limits of accuraqr of the experiment, produced respectively the 
99 per cent and the 100 pcr cent réduction in the two acids. 

TABLE 3. 
Action op Hydrochloric Acm on B. typhi m Taf Water. 



Add Parts in 

XiO0O|00O 


Hydragen 
Parts in 

Xi00O|00O 


Normality 


Per Cent of 
Dissociation 


Dissodated 
Farts in 

X/>00/X)O 


Bacteria per 
ce. before 
Treatment 


Peroentage Re< 

ductioii of Bacteria 

after40 Min. 


38.» 


x.oo 


0.00x0 


98.2 


X.02 


7.o<o 


S.îS 


753 


2.06 


0.0021 


97.9 


2. 02 




109. S 


3.00 


0.0030 


97.8 


a. 94 




99.30 
99.86 


148a 


4.06 


0.004X 


97.3 


3 95 




182.5 
216.8 


s. 00 


0.0050 


97 X 


4.8s 




xoo.oo 


5-9» 


O.OOS9 


• • « • 


• ■ • • 




xoo.oo 


248.0 


6.80 


. 0.0068 


• • • • 


• • ■ • 




xoo.oo 


273. S 


754 


0.007S 


• • ■ • 


• ■ • ■ 




xoo.oo 



TABLE 4. 
Action or Sulfhuric Acm on B. typhi m Tap Watkr. 



Add Parts in 

X|000|000 

48.0 
9». 9 

\m 

223.0 



Hydrogen 
Parts in 
xooo/x» 


Normality 


Per Cent of 
Dissoaatioa 


Dissodated 

Hydrogen 

Parts in 


Bacteria per 
ce before 
Treatment 


3.8s 
4.55 


0.00x0 

0.00x9 
0.0028 
0.0038 

0.0045 


93 X 

F- 

87.0 
85.5 


0.9X 
1.70 
a. 54 
3.35 
3.90 


X35.poo 

i« 
il 
it 



Peroentage Ré- 
duction of Bacteria 
ai ter 40 Min. 

59.30 
9a -97 
99.99 
96. xo 
xoo.oo 



Tables 3 and 4 show that the typhoid bacillus is considerably 
more sensitive than the colon bacillus in its reaction to an excess of 
acid. The 99 per cent réduction was reached with hydrochloric 
acid at a strength of 0.0030 normal and 2.94 parts of dissodated 
hydrogen, and the 100 per cent réduction with 0.0050 normality and 
4.85 parts of dissodated hydrogen. With sulphuric acid the 99 per 
cent réduction was reached with 0.0028 normality and 2.54 parts of 
hydrogen, and the 100 per cent réduction with 0.0045 normality 
and 3.90 parts of hydrogen. The fact that the 0.0038 normal solution 
of sulphuric acid showed only 96 pcr cent réduction is one of the 
abnormalities which unfortunately sometimes occur in bacteriological 
work. In gênerai, the results show again that the two acids exert 
the same quantitative effect, although in this case, the solution bcing 
wcaker and the dissociation of the two acids more nearly the same, 
the différence between normal strength and concentration of dis- 
sodated hydrogen is not clearly shown. 
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The critical points derived in thèse tests are brought together in 
Table 5. They show that the typhoid bacillus is a little less than half 
as résistant as the colon bacillus to dilute acids, and that the toxicity 
of thèse acids dépends, not on their normal strength of acid or on the 
kind of acid used, but on the numbcr of dissociated hydrogen ions. 
Betwecn 7.4 and 7.7 parts of dissociated hydrogen effects a 99 per cent 
réduction of the colon bacillus, and between 11.8 and 12.6 parts, a 
100 per cent réduction. For the typhoid bacillus the corresponding 
figures are 2.5-3.0 parts and 3.9-4.9 parts. Since at the dilutions 
used the hydrochloric acid was over 96 per cent dissociated, its 
effect must hâve been almost entirely îonîc; and since the sul- 
phuric acid at 75 per cent dissociation showed only the toxicity which 
would hâve been expected from its dissociated hydrogen, it appears 
that in this case too the undissociated molécule exerts no appréciable 
influence. The anions hâve been shown to be neutral in the experi- 
ments of other observers. It îs evident,«then, that the toxicity of thèse 
acids at high dilution is a function of the dissociated hydrogen. 

TABLE s. 
DisncrscTANT Action op Min£kal Acids m Tap Watkk. 





B.coli 


B. lyphi 




09% Réduction 


100% Reductk» 


99% Réduction 


100% Réduction 




Ha 


H.SO4 


no 


H.SO4 


HQ 


H.SO4 


Ha 


H,S04 




0.0077 
7. 40 


0.0096 
7.68 


o.oiaj 
ia.8o 


0.0x66 
ta. te 


0.0050 
a. 94 


o.ooaS 
a-54 


0.0050 
4.8s 


0.0045 
390 


Parts per 1,000,000 dis- 
lodated hydrogen 



4. THE DISINFECTANT ACTION OF ACETIC ACID AND BENZOIC 

ACID UPON B. TYPHI AND B, COU. 

We next desired to study examples of the incompletely dissociated 
organic acids. Acetic and benzoic acids were selectcd as types, 
and the experiments were carried out as before. The results ob- 
tained with benzoic acid are probably somewhat inaccurate on 
account of the difficulty of securing complète solution. The results 
are shown in Tables 6-8. 

An inspection of thèse tables shows a marked différence from the 
results obtaîned with the minerai acids. With B. coli in acetic acid the 
99 per cent réduction is reached at a strength of 0.0812 normal, and 
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TABLE 6. 
Action ot Acxtic Acm on B. cdi in Tap Wates. 



Add Parts 

• 


Hvdrosen 
Partsin 


m x,ooo,ooo 


1,000,000 


XXI. 3 


X.85 


333.0 


9.x8 


55a 


732.0 


X3.30 


1,095.0 


X8.35 


x,^86.o 
1,835.0 


33.30 


30. 4X 


3,360.0 


37.70 


3to8i 


5X.40 


3*698.0 


6X.70 


4,800.0 


80. 30 


4375.0 


8x.3S 


5,6x0.0 


93.50 



Normality 



0.00x8 

O.OOS5 
0.0093 

O.OX33 

0.0x83 
0.0333 
0.0304 
0.0377 
0.05x4 

0.0617 
0.0803 
0.08x3 

0.0935 



Fer Cent of 
Diasodation 



6.40 
4.50 
3.50 
3.05 
3.75 
3.45 
3.ao 
X.90 
X.70 
1.50 
X.50 
X.35 



DiaBodated 

Hydrofçen. 

Partsin 

x,ooo,ooo 



0.35 
0.4X 

0.43 
0.56 
0.64 

0.7S 
0.83 

0.98 
x.os 
x.ao 

X.3X 

X.36 



Bacteriaper 
ce before 
Treatment 



60,000 
•« 

•t 

«I 

it 

il 

M 
<i 
tt 
il 
•I 

90/300 

4t 



Perœntage Ré- 
duction of Bac- 
teriaafter 40 
Min. 



00.00 
00.00 
X6.67 
33 
33 
SX. 67 
55.00 
56.67 

5*33 
63.33 
9X.00 

99.99 
xoo.oo 



TABLE 7. 
Action op Bensoic Acid on B. coli m Taf Watk». 



Add Parts 


Hydroflen 
Partsin 

X, 300,000 


Normality 


Per Cent of 
Diaaodatiao 


Dissodated 

Hydtogen. 

Paru in 


Bacteriaper 
ce. before 
Treatment 


Peroentage Ré- 
duction of Bac- 
teriaafter4o 
Min. 


337.9 
337.0 
406.0 
675.0 
x,x84.o 
3,435*0 


X.95 
3.76 

3.33 

5.54 

9.73 

X9.90 


0.0019 
0.0038 
0.0033 

0.005s 
0.0097 
0.0x99 


x6.o 
X3.6 

X3.S 

9.3 

75 
5-4 


°-3| 
0.38 

0.4X 

0.53 

0.73 
x.07 


70^000 
•• 

II 


00.00 
50.00 

60.75 
67.80 

99.99 
xoo.oo 



TABLE 8. 
Action of Bknzoic Acid on B. iypki m Tap Wates. 



Add Parts 
in 1,000,000 


Hydrooen 
Partsin 


Normality 


Per Cent of 
Dissociation 


Dissodated 

Hydrogen. 

ParUm 


Bacteria per 
ce before 
Treatment 


Percentage Ré- 
duction of Bac- 
teria after 40 
Min. 


39.33 
X40.20 
343 •«> 
333 00 
437.00 
689.00 
1,393.00 


0.34 
x.is 
3.00 

3.73 
3-53 

5 75 
X0.60 


o.ooxx 

0.0030 

0.0037 
0.003s 
O.0OS7 
0.0x06 


40.0 

30.3 

X5.4 
13. 6 

9.8 
7.3 


O.XO 

0.33 

0.3X M 

0.37 

0.37 

0.56 

0.76 


50,000 


44.00 
54.00 
6s. 00 
70.00 
93.00 
xoo.oo 
xoo.oo 



the 100 per cent réduction at 0.0935 normal. The acid at thèse 
strengths is only a little over i per cent dissociated, and the amount 
of dissociated hydrogen présent a little over 1.2 parts per million. 
Since this is only about one-sixth the strength of ionic hydrogen 
necessary to produce similar results with the minerai acids, it is évi- 
dent that the toxic action of the acetic acids is due chiefly to the anion 
or the undissociated molécule, the latter, being so much greater in 
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amount, probably playing the principal part. The same thing is 
true of benzoic acid. Hère the molécule is more highly toxic, 
producing a 99 per cent réduction at 0.0097 normality and a 100 per 
cent réduction at 0.0199 normality, with about i per cent dissocia- 
tion. As in the case of the minerai acids B. typhi is more sensitive 
than B. coli^ showing 100 per cent réduction with benzoic acid at a 
strength of 0.0057 normal. 

It appears, then, that the toxicity of thèse organic acids is due. not 
mainly to hydrogen ions, but to the action of the undissociated 
molécule, varying widely, as might be expected, with the acid 
employed. A comparison of the corresponding toxic normal 

TABLE 9. 

Toxicity of Organic and Mimxsal Acids los B. ccU and B. typhi. Stienoth in Nouiality 

Producino 99 PsK Cent and ioo Pkx Cent Réduction. 





B.celi 


B.h^i 


Add 


99% Reducdon 


100% Réduction 


99% Réduction 


xoo% Réduction 


Hydrochloric 


0.0077 
0.0096 
0.08x9 
0.0097 


o.oiaj 
o.oz66 

0.093s 
0.0199 


0.0030 
o.om8 


0.0050 


Siuphuric 


O.OOAV 


Acetic 




BcQxoic 


O.OOS7 



strength, made in Table 9, shows that benzoic acid is almost as 
toxic as the minerai acids, the effect being due in one case to the 
whole molécule, and in the other case to hydrogen ions. Acetic 
add, on the other hand, has only 10-20 per cent as high a disinfect- 
ant action. 



5. THE DIMINISHED TOXICITY OF ACIDS IN THE PRESENCE 

OF PEPTONE. 

Having fixed with some précision the killing-point for the varions 
acids studied, when acting in tap water, we next desired to détermine 
what would occur in the présence of organic matter. A séries of 
experiments was carried out, parallel to those reported above, except 
that a I per cent solution of Witte's peptone was used instead of tap 
water. The results with the minerai acids, presented in Tables 10-12, 
showed that the toxicity of the acid is profoundly modified by the 
présence of organic matter. 
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TABLE xo. 
Disinfectant Action op Hydkochlobic Acid on B. coli in x pbk Cent Peptonb Solution. 



Add Parts in 

XiOOOfOOO 


Hvdrogen 
Parts in 

X/X)0,000 


Normality 


PerCenC 

of 

Dissociation 


Diasodated 

Hvdrogen. 

Parts in 


Bacteria per 
ce. before 
Treatment 


Percffstagç 

Réduction of 

Bacteria after 

40 Min. 


X.XI8 

it8a5 
a.soa 
a,950 

3.68s 
4.oao 


30.6a 
50.00 
69.00 
80.80 
95. ao 
97 80 
xxo.oo 


0.0306 
0.0500 
0.0690 
0.0808 
0.095a 
0.0978 
o.xxoo 


94.8 
94.8 
93.0 
9a. 

91.5 
9X.4 

• • « • 


a9.o 

47.5 
64.3 

t^ 
89.4 

• « • • 


90jpoo 


40.00 
93 35 
97 97 
97.74 
99.98 
xoo.oo 
xoo.oo 



TABLE XI. 
DsiNnccTANT Action op Sulphukic Acm on B. coli in x pek Cent Peftone Solution. 



Acid Parts 
in 


Hydxocen 
Paru m 

X^OOOvOOO 


Normality 


Per Cent 

of 

Dissociation 


Dissodated 
rarts in 

X|000»000 


Bacteria per 
ce before 
Treatment 


Réduction of 

Bacteria after 

40 Min. 


970 






• • • • 


• • • • 


X40t000 


00.00 


Xtao4 






• • * • 


« • • • 




00.00 


x,4os 






• « • • 


« • • • 




00.00 


X.536 


31.4 


0.03x4 


70.0 


aa.o 




00.00 


i,7a8 


35-3 


0.0353 


68.5 


a4.a 




ao.oo 


x,96a 


40.x 


0.040X 


67.5 


a7.x 




6X.43 


a,o66 


40.9 


0.0409 


67.0 


a7.4 




64.39 


a,399 


48.9 


0.0489 


64.8 


3a. 


60,000 


76.67 


a,639 


53.8 


0.0538 


2A.9 

38.x 


(t 


79. X7 


a,9xa 


59.4 


0.0594 


64.3 




9X.67 


3.065 
3.a58 


6a. 6 


0.0636 


63. a 


30.6 


•• 


93.33 


66.5 


0.0665 


6a. 8 


4X.8 


it 


%% 


3.4SO 


70.4 


0.0700 


6X.9 


43. S 




4.6x0 


94. a 
X08.X 


0.0943 


S» 9 


55.5 


65.000 


99.99 


S.a98 


o.xo8x 


57.0 


6x.6 


t« 


xoo.oo 


6.JÇ5S 
7.800 


135 a 


0.135a 


• ■ • « 


> • ■ • 


tt 


xoo.oo 


159.3 


0x593 


• ■ • ■ 


• ■ • • 




xoo.oo 



TABLE xa. 
Disinfectant Action of Hydkochloric Acm on B. typhi m x per Cent Pettonb Solution. 



Acid Parts 

in 
x,ooo,ooo 


Hydrogen 
Parts in 


Normality 


Per C^înt of 
Dissociation 


Dissodated 

Hydrogen. 

Partsin 

X, 000,000 


Bacteria per 
ce before 
Treatment 


Percentage 

Réduction of 

Bacteria after 40 

Min. 


x,io7 
1,740 


30.3 
47.6 


0.0330 
0.0476 


94.8 
93 8 


a8.7 
44.6 


50,000 
50.000 


99.99 
xoo.oo 



In thèse tables the dissociation values given are those determined 
for distilled water, and not those which actually obtain in a peptone 
solution. The amount of dissociated hydrogen required for disin< 
fection, when estimated in this way, is seen to be nearly lo times as 
great as in tap water. For comparison the results arc brought 
together in Table 14. 
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TABLE 13. 

DlSINTECTANT ACTION OF SULPHURIC AcXD ON B. typht IN X PBR CeNT PePTONK SOLUTION. 



Add Parts 
in 


Hydrogen 
Parts in 


Normality 


PerCent 
of 


Disaodatcd 

Hydroftcn. 

Parts in 


Bacteria prr 
ce. before 


PeroenUge 
Réduction of 
Bacteria after 




X ,000,000 




Dissoaation 




Treatxnent 


40 Min. 


8x9 


17.03 


0.0x70 


74 5 


xa.7 


8s,ooo 


00.00 


960 


20.00 


o.oaoo 


73.7 


14-7 




17.65 


X.X04 


22.5a 


0.0225 


72. 


x6.a 




17 65 


1,139 
X.288 


«3 17 


0.0232 


72.0 


X6.7 




34 10 


26.3a 


0.0265 


71.0 


X8.7 
ao.8 


• 4 


61. ao 


1.453 


29 63 


0.0296 


70.2 


a8/)oo 


82.15 


1.47a 


30.03 


0.0300 


70.x 


ax.o 


8^,000 
38,000 


76.45 
89 30 


1.519 


31. 66 


0.0317 


69.7 


ax.6 


1.587 


32-39 
32.89 


0.0324 


69.5 


aa.5 




89 30 


1,6x2 


0.0329 


69.0 


aa.7 




xoooo 


x,678 


34.24 


0.0342 


68.5 


23-4 




97.86 


1,879 


38.32 


0.0383 


68.0 


a6.o 




xoo.oo 


1.994 






• > • • 


■ ■ • • 




loo.oo 


2.04s 






. • • • 


• • • • 




xoo.oo 


a.iiS 






• • • • 


■ • • • 




xoo.oo 


2.X19 






• ■ • • 


a • a • 




xoo.oo 


a.399 






.... 


• • • ■ 




xoo.oo 



TABLÇ X4. 

COMPARATTVK ToxICfTY OP MiNEKAL AciDS IN DlSTILLED WATEK AND X PER CeNT PsPTONE SOLUTION. 

(Parts per x,ooo,ooo of dissodated hydrogen.) 





B. coli 


B. typki 




99% Réduction 


xoo% Réduction 


99% Réduction 


xoo% Réduction 




HCl 


H.SO4 


HCl 


H.SO4 


HCl 


H,S04 


Ha 


H,S04 


Distilled water 


0' '♦^ 
87.5 


7.68 
55.5 


IX. 80 
89.4 


12.60 
6x.6 


2.94 
28.7 


2.54 

a ■ • • 


4.8s 
44.6 


3 90 
22.7 


I per cent peptone 



It is évident that in some way the peptone exerts a strong influence 
in counteracting the toxic effect of the acids. It at first occurred to 
us that thîs might be due sîmply to the fact that peptone solution 
furnished a more favorable médium for the bacteria, and thus enabled 
them to resist unfavorable conditions. Such an effect would, how- 
ever, hardly be expected in so short a period as 40 minutes; and this 
explanation fails to account for the fact that the toxicity of the hydro- 
chloric acid is much more diminished than that of the sulphuric acid. 
Référence to Tables 15-17, which show the results obtained with the 
organic acids, makes it still clearer that a spécifie chemical action is 
involved. 

Evidently with the organic acids disinfectant powcr is much 
less affected by the présence of peptone. With J5. coli acetic acid 
produccs a 100 per cent réduction when in a strength of 0.0935 
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TABLE X5. 
Dbimtectant Action or Acbtic Acn> on B. eoii m x pbr Cent Pkptons Solution. 



AddPvts 

illX,00O/M0 


Hydroeen 
Parts in 
X/M0.000 


Nomulity 


PerCRnt of 
Diaaoda- 
tinn 


Diaaodated 

Hydix>seiL 

Parts in 


Bacteria 
per ce. 
before 
Tteatment 


dttctionof Bac- 
teria after 40 
Bfin. 


4,350 

4»7SO 
5.340 
5.975 
5.995 
6,86x 

7,540 

8,360 

9,125 

16,475 

XO,790 

X4.690 


7a. 5 

89^0 

970 

98.0 

XX4.9 

X95.8 

139. S 

X59.X 

9IO.O 

944.0 


0.0795 

0.0793 
0.0890 

0.0970 
0.0980 
0.XX49 
. 1958 

o.f395 
0.159X 

o!x78 
0.9x00 
0.9440 


1.60 
x.so 
1.40 
x.30 
1.30 
1.95 
X.15 
x.05 
1.03 
x.oo 
x.oo 

0.90 


x.x6 
X.19 
1.95 
1.96 

x.a7 
x.4a 
X.45 
x.46 
X.57 

x.78 

• • a • 

9. 90 


50J000 
(t 

(t 

65jpoo 

t« 

M 
(( 
tt 
ti 
*l 


00.00 
00.00 
95.00 
66.00 
61.79 

98.75 

93.30 

xoo.oo 

xoo.oo 

xoo.oo 

xoo.oo 



TABLE x6. 
Disinyzctant Action of Bencoic Acm on B. cdi ut x pu Cent Pkptone Solution. 



Add Parts 
in x,ooo/x)o 


HydroBen 
Parts in 

X,000/X)0 


Normality 


Per C^nt of 
Dissocia- 
tion 


Dissodated 

Hydrogçn. 

Parts in 

x,ooo/>oo 


Bacteria 

per ce. 

oefore 

Treatment 


duction of Bac- 
teria after 40 
Min. 


1.638 
x,7ao 
9,105 
3,365 
5.555 


X3.x8 
X4.XX 
X7.90 
97.60 
47.30 


0.0x39 
0.0x41 
0.0179 
0.0976 
0.0473 


6.4 
6.9 
5.8 
5. a 
3. a 


0.84 
0.87 
x.oo 
x.43 
X.51 


70,000 
70,000 

XOOfOOO 
XOOfOOO 


98.6 

98.6 

0.0 

730 

xoo.o 



TABLE X7. 
DisiNVECTANT AcTxoN op Beneoic Acid ON B, iypki IN I pBs Cent Peftone Solution. 



^ Add Parts 
in 1,000.000 


Hydrogen 
Parts in 


Normality 


Per Cent of 
Dissocia- 
tion 


Dissodated 

Hydrogen. 

Parts in 

1,000,000 


Bacteria 

per ce. 

before 

Treatment 


Perœntage Ré- 
duction of Bac- 
teria af ter 40 
Min. 


X.434 
1.569 

a,xs5 
a.9X7 


XX. 79 

X9.8o 

X7.80 
94.30 


o.oxx? 
0.0x98 
0.0178 
0.0943 


6.9 
6.6 

5.7 
4.9 


o.8x 
0.84 

X.OI 

X.19 


50,000 
50,000 
56,000 
56/>oo 


90.00 
90.00 

8x43 
xoo.oo 



normal. In the présence of peptone the required strength is o. 1395 
normal. With B, coli the corresponding 100 per cent réduction 
strengths for benzoic acid are 0.0199 ^^ water and 0.0473 in peptone 
solution. With B. typhi the respective strengths of benzoic acid are 
0.0057 and 0.0243. 

In a gênerai way we may say that the présence of i per cent pep- 
tone solution diminishes the toxicity of hydrochloric acid, measured 
in terms of dissociated hydrogen, to from one-eighth to one-tenth its 
water value, and that of sulphuric acid to from one-fifth to one-eighth 
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its water value. The toxicity of benzoic acid, measured in normality, 
is diminished under the same conditions to from one-fourth to one- 
half, and that of acetic add to a little over one-half its water value. 

The most probable explanation of this phenomenon is the forma- 
tion of a loose compound between the proteid molécules and the acids 
which would diminish the toxicity of the latter, just as Stiles and Beers 
(1905) hâve shown that such a combination alters the effect of 
minerai salts on muscle. 

Bugarzky and Liebermann (1898), Cohnheim and Krieger (1900), 
and other observers, hâve proved the existence of such loose com- 
pounds between proteids and acids by freezing-point déterminations. 
We desired, however, to examine the actual substance used in our 
own experiments. Through the kîndness of Dr. Raymond Haskell, 
of the Research Laboratory of Physical Chemistry of this Institute 
déterminations of electrical conductivity were made on the peptone 
solution used in our experiments, on a solution of hydrochloric acid 
in distillcd water, and on a solution of the same strength in the pep- 
tone solution. 

The spécifie conductivity of the peptone solution was 0.0004, 
showing that it was fairly pure. That of the hydrochloric acid solution 
0.02 normal or 720 parts HCl per million, 90.46 per cent dissociated, 
was 0.007. The i per cent peptone solution containing 0.02 normal 
hydrochloric acid gave a conductivity of 0.002, showing that approxi- 
mately four-fifths of the hydrochloric acid had been neutralized by 
the peptone. 

It is évident that the effect of the peptone in decreasing the toxicity 
of the hydrochloric acid may be explained by the fact that the number 
of dissociated hydrogen ions is decreased by the peptone in the same 
degree. The effect would naturaUy be less marked, as we find to be 
the case, with sulphuric acid, since this acid is less ionized to start 
with. Finally, the un-ionized organic acids are least affected. The 
decreased toxicity which does occur with them may perhaps be due 
to a loose compound with their whole-molecule — ^what Stiles and Beers 
caU a " physîological compound." 

6. GENERAL CONCLUSIONS. 

It appears from our experiments that the typhoid bacillus is highly 
sensitive to an excess of acid, being destroyed in an aqueous suspen- 
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sîon by 40 minutes' exposure to a 0.005 normal solution of either 
hydrochloric, sulphuric or benzoic acid. The colon bacillus will 
endure exposure, under similar conditions, to solutions from two to 
four times as strong. Ninety-nine per cent of the bacteria in a 
suspension are killed by solutions of from one-half to two-thîrds 
this strength, the last few organisms being especially résistant. 

The minerai acids, hydrochloric and sulphuric, are fatal in con- 
centrations at which they are highly dissociated. Their action nins 
parallel, not to their normal strength, but to the nimiber of free hydro- 
gen ions per unit volmnc. With the two organisms tested, both the 
99 per cent and the 100 per cent réductions were affected, at the same 
concentration of dissociated hydrogen, whichever acid was uscd. 

The organic acids, acetic and benzoic, are fatal to the typhoid and 
colon bacilli at a strength at which they are only slightly dissociated. 
The effect hère appears to be due to the whole-molecule and is sp)ecific 
for each acid, acetic having only 10-20 per cent the toxicity of 
benzoic. 

. The présence of i per cent of peptone greatly diminishes the toxic 
action of acids, the action being somewhat less marked with sulphuric 
acid than with hydrochloric, and still weaker with the organic acids. 
In the case of hydrochloric acid we find that the dîminished toxicity 
îs accounted for by decreased ionization. 

It is évident that the action of organic matter and other neutral sub- 
stances in decreasing toxicity greatly complicates the study of désin- 
fectant action. It will be necessary to bear this phenomenon in mind 
in considering the composition of culture média, since the apparent 
acidity, as determined by titration, may be quite différent from the 
effective acidity which influences living organisms. With the minerai 
acids, any factor which affects dissociation, such as the présence of 
neutral salts of the same anion, will change the effective acidity. 
In considering the viability of diseasc germs in sewage and water, 
it is évident that différences in dilution and the effect of inorganic 
salts, organic matter, and suspended solids introduce such complex 
factors that detailed studies of spécifie local conditions are désirable. 
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THE INHIBITING EFFECT OF CERTAIN ORGANIC SUB- 
STANCES UPON THE GERMICIDAL ACTION 
OF COPPER SULPHATE* 

Earle B. Phelps. 



{Prom the SamUarj Research LaboraUirj and Sewagt Bx p e nmem t Slatitm of the Massachusetts InsHUUe 

of Technology.) 

INTRODUCTION. 

The germicidal action of copper salts dissolved in water has fre- 
quently been found to dépend largely upon the character of the water 
itself. Elbns (1905) has pointed out the influence of the hardness and 
turbidity of the water. Johnson and Copeland (1905) found that in 
a sewage effluent, to which a large number of typhoid organisms had 
been added, an amount of copper sulphate equal to a concentration of 
20 parts of copper per million reduced the number of bacteria from 
1,300,000 to 600 per cubic centimeter in 15 hours. In distilled water, 
other conditions being the same, the réduction was from 1,300,000 to 
II. Kraemer (1905) and Basset-Smith (1905) hâve both shown that 
the toxic action of copper on the typhoid organism is much greater in 
distilled water than in tap water. 

It is not difficult to détermine the nature of the influence exerted 
by minerai impurities in the water. Dissolved carbonates bring about 
a direct précipitation of the copper. Even such insoluble material as 
kaolin has been shown by Sullivan (1905) to possess the power of 
reacting with copper salts, in some cases completely removing the 
copper from solution. True and Oglevee (1905) hâve confirmed the 
earlier results of Nâgeli showing that adsorption often plays an impor- 
tant rôle, and that powdered glass or sand may destroy in large meas- 
ure the toxic action of dilute metallic solutions. 

In case of organic impurities the nature of the influence is not 
quite so clear. Direct précipitation of the copper may occur, especially 
in sewages. On the other hand, the présence of certain classes of 
organic matter, such as leaf infusion, has been shown to prevent the 
précipitation of copper by alkaline carbonates (Ellms, 1905). In such 

*Reoeived for publication March aS, xqo6. 
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cases ît must be assumed that certain organic compounds are formed. 
If such compounds are found upon investigation to be non-toxic, or 
to hâve a lower toxîc value than the original copper sait, this fact may 
throw some light upon the nature of the toxic action itself . 

It was the purpose of the présent investigation to study the germi- 
cidal action of copper sulphate upon the t3q)hoid organism in distilled 
water and in the présence of certain organic compounds. Organic 
substances were selected which would not in any case precipitate the 
copper, and which, according to the chemical évidence, do not form 
any direct union wîth it. This does not preclude the formation of a 
" physiological compound,'* as defined by Stiles and Beers (1905), 
namely, a compound which is not readily detectible by chemical 
means, but which possesses characteristic physiological properties. 
For this purpose dextrose and peptone were used. The organic 
matter occurring naturally in Boston tap water, a colored surface 
water, was also studied. 

METHODS. 

Préparation of copper sulphate. — The copper sulphate used was 
carefully prepared to assure a pure product. In particular was ît 
desired to obtain sait f ree f rom ammonia, since there is reason to believe 
that the double or cuprammonium sait will hâve a distinctly différent 
toxic effect from that of the simple copper sait. Some "C. P." cop- 
per sulphate crystals were dissolved în water, making about a 10 per 
cent solution. To this solution a small amount of Na^Oûj was added, 
and the solution was boiled for some time to expel the ammonia. It 
was then acîdified and submitted to electrolysis with a small current, 
about 0.05 ampère, and a potential différence through the solution of 
about one volt. Copper was deposited on the insîde of a platinum 
dish which served as a cathode. This deposit of copper was then 
washed with ammonia-free water and redissolved in dilute sulphuric 
acid by reversing the current. The product obtained by crystallizing 
this solution was recrystallized from ammonia-free water to free it 
from the last traces of acid. It was dried for several days over 
calcium chloride and caustic potash. 

Préparation of potassium sulphate, — This sait was prepared by 
twice recrystallizing the best Merck préparation from ammonia-free 
water. 



Effect of Organic Substances on Copper Sulphate 285 

Tenth-molar (fifth-normal) solutions of thèse salts were made up. 
For use i ce. of thèse solutions was diluted to 100 with ammonia-free 
water. In the following tabulatcd rcsults ail références to the sait 
solutions are to thèse dilute (N/500) solutions. 

The organic compounds. — ^Witte's peptone and Merck's "C. P." 
dextrose were used. 

The typhoid cultures. — ^The culture used (No. 2006) was one of 
those used in some earlier work. It was obtained from Dr. J. H. 
Wright, of the Massachusetts General Hospital. It was taken from 
the spleen at an autopsy on May 26, 1905. The clinical diagnosis 
was typhoid fever. The culture, according to Wright, gave ail the 
ordinary tests for typhoid fever, including the Widal test. 

It was submitted to the ordinary diagnostic tests, with the follow- 
ing results: fermentation tube with dextrose broth, growth in closed 
arm, acid produced, no gas ; milk not coagulated, slight acid production ; 
no indol from peptone; nitrates reducedslightly; gelatin not liquefied 
in two weeks; growth on agar slant, scanty, thin, translucent; it 
reacts with the sera of two rabbits into which two other strains ôf 
typhoid organisms had been introduced subcutaneously. 

Cultures A, B, and C were obtained from plates made from 
Bottle 2 in Experiment 5. They had lived for 48 hours in the 
présence of a concentration of 0.63 parts of copper per million in 
distilled water. They gave ail the above tests exactly as the original 
culture, except that they were not submitted to the Widal test. 

Technique of the experiments. — The experiments were made 
under as uniform conditions as possible, and in the following manner: 

In ail cases, except where tap water is specified, sterilized ammonia- 
free water was used. When dextrose or other solutions were used, 
thèse were made up with ammonia-free water and sterilized. The 
organism was grown for 24 hours at 37° on the surface of an agar 
slant. A loop of the culture was then removed and placed in 100 ce. 
of water. After thorough shaking, proper amounts of this suspension 
were added to the bottles of water in which the experiments were to 
to be made. Thèse bottles were then thoroughly shaken, and the 
the bacteria determined in each by properly diluting i ce. and 
plating. For plating agar was used, and ail plates were grown for 15^ 
hours at 37° C. The sait solution was then added. In the same manner 
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déterminations of the numbers of organisais présent were made at 
intervais during the experiment, as indicated in the tabulated resuUs. 
In the following tables the fuU détails of each experiment arc 
first given, înciuding the actual bacterial counts. In order to compare 
the varions experiments, the bacterial results hâve been calculated 

EXPERIMENT i. 
Stabtkd Januaky 94, 1906. 



Bottle 


Water 


CUSO4 


K.SO4 


No. 


(ce) 


Sol.(cc) 


Sol.(cc) 




98 


0.6 


• • • 




98 


I.O 


• • • 




100 


a.o 


• ■ • 




^ 


• ■ • 


0.6 




98 


• • ■ 


I.O 




99 


• • • 


9.0 





. %f 








Coocent. of 
Sait 


Coppei 
(Parts pe 
Mffl.) 




Counts 








(N/1,000,000) 


Initial 


5 Min. 


64Hn. 


19 


0.38 


380,000 


195,000 


6,000 


90 


0.63 


400,000 


45.000 


x,7oo 


40 


X.96 


350,000 


95tOOO 


300 


19 


■ • ■ • 


370,000 




370,000 


90 


• ■ • • 


4x0,000 




460,000 


40 


• • • • 









94 Hrs. 
1 

4a 

19 

9 

501OOO 
4S.OOO 
43.000 



Température, 2o**-22°. 



EXPERIMENT 9. 
Tap Watsk — Staktbd Januaky 99, X906. 



& 



X 
9 

3 
4 
5 
6 

l 

9 
xo 





(^ 


<».. 




a 

d 


• 


> 


u 


M 


89 


%i 




94 




84 


X.9 




90 


9.0 




88 


3.0 




88 




%i 


89 




90 




X.9 


95 




9.9 


99 




3.0 



Concent. of 

Sait 

(N/x, 000,000) 



8.8 
x6.8 
98.0 
44'0 
66.0 

8.8 
x8.o 
96.0 
49.0 
66.0 



U 



1 



l 



0.98 
9.08 



Ck>UKTS 



Initial 



X 70,000 
180,000 

X9O,00O 

150,000 
180,000 
140,000 
160,000 
x8o,ooo 
X 70,000 
900,000 



xMin. 



x8o,ooo 



X 90,000 



xoMin. 



170,000 



100 



30 Min. 



X 70,000 



xoo 



6 Hrs. 



xxo,ooo 

50 



50 



99 &•• 



o>8oo 
sxo 
100 

80 

o 

940,000 

336.000 

99,000 

69,000 

80,000 



Température, 20**-23* 



EXPERIMENT 3. 
StAXTXD FkBKUAKY 6, X906. 



Bottle 


Water 
(ec) 


CUSO4 
Sol. (ce) 


K.S04 

Sol. (ce) 


Concent. of 

Sait 
(N/x, 000,000) 


Copper 

(Parts ptr 

Mill.^ 


Counts 


No. 


Initial 


iHr. 


6Hxs. 


94 Hrs. 


X 

9 
3 

4 

1 
l 


xoo 
99 

•Si 

99 

l 

98 


0.5 

x.o 
9.0 
3.0 

• • • 

• ■ • 

• • ■ 

• • • 


■ • ■ 

• « • 

• • ■ 

■ ■ • 

0.5 
x.o 
9.0 

3.0 


xo 
90 

40 
60 
xo 
90 

40 
60 


0.69 

• • • • 

• ■ • • 

• • • • 

• • ■ • 


X95,OX> 

X35.000 

X40,000 
X98/>0O 

X4o,ooo 
X36,ooo 
X39.000 
140,000 


80,000 


5.300 
700 
400 
X30 

X9O,O0O 
100,000 
XOO,O0O 
190,000 


8 
6 

9 


80,000 

63,000 
56,000 



Température, 20^22* 
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into percentage of the înîtîal numbers, and thèse results hâve been 
used in the discussion of the table. 

In each case in which copper sulphate was used the control con- 
tained an equimolar amount of potassium sulphate. The controls 
therefore differed f rom the tests simply in the substitution of potas- 
sium for the copper. 

EXPERIMENT 4. 
Stabtxd Fbbsuary x3, 1906. 



i 


Water 


1% 


3. 




1 


"S 


,{ 




s 

Beat 


98 


• • 


5 


^ 


I 


O.S 




a 


, •• 


99 


• • 


x.o 




3 




^ 


I 


o-S 




4 


«1 


98 


X 


x.o 




5 


"^fP 


90 


• • 


o.s 




6 


•• 


'9^ 


• ■ 


x.o 




l 


Beat 


• • 


• ■ ■ 


x.o 


•« 


98 


X 


• « • 


x.o 


9 


Tap 


90 


• • 


• • • 


x.o 



Coaoent» of 

Sait 

(N/x, 000,000) 



xo 
ao 
xo 
ao 
xo 
ao 
ao 
ao 
ao 






0.3X 
0.63 
0.31 
0.63 
0.31 
0.63 



Couirre 



Initial 



S40«ooo 
540,000 
560,000 
500,000 
540,000 
560,000 
500,000 
500,000 
540,000 



3Hn. 



x,8oo 

400 

4x5,000 

X 70,000 

X34,ooo 

6,300 



6Hn. 



x,400 

xoo 

6JD.000 

8a,ooo 

a,ooo 

700 

530,000 

490,000 
600,000 



a3 Hra. 



660 

46 

X9o,ooo 

xoo 

xas 

15 

95iOOO 

aoo,ooo 

xxo,ooo 



48 Bn. 



660 

3SO 

4.30O 

600 

9 

a 
xo,ooo 

430,000 

x,aoo 



Température, 20**-24**, 

" Best water " ia ammonîa-free, distilled water. 

EXPERIMENT 5. 
SrASTKD Fkbbuaxy 15, X906. 



Bottk 


Water 


Deztraae 


CttSo« 

Sol. 

(ce) 


K.S04 

Sol. 
(ce) 


No. 


(ce) 


(«m.) 




xoo 


• • 


0.5 


• • • 




xoo 


* « 


x.o 


« • • 




99 


X 


OS 


• ■ • 




xoo 


X 


x.o 


• « ■ 




98 


• • 


• • • 


o.s 


6 


99 


« • 


• ■ • 


x.o 


î 


$ 


X 
X 


• • • 


o.s 
x.o 



of 
Sait, 
(N/x «000,000) 



xo 
ao 
xo 
ao 
xo 
ao 
xo 
ao 



us.* 



0.3X 
0.63 
0.3X 
0.63 



COUMTB 



Ixiitial 



a6,ooo 
a6,ooo 
38fOOO 
a8,ooo 
30.000 
a4«ooo 
a4«ooo 



6 Hra. 



600 
aoo 
x,30o 
conta m 



30*000 
a7.ooo 
astooo 
ax,ooo 



a4 Hra. 



x«4 

70 

x,8oo 

inated 

X4tOoo 

xo,ooo 

xa,ooo 

x3tOoo 



48 Hra. 



40 

a3 
900 

9fOOo 
8,000 



Température, 22**-24**. 



EXPERIMENT 6. 
Startbd Fxbruaxy ao, X906. 



Bottle 


Water 

(ce) 


CUSO4 

Sd. 

(ce) 


K.S04 

Sol. 
(ce) 


Cnhore 


Concent. of 
Sait 

(N/x, 000,000) 


Copper 

(Partaper 

Min.) 


COUMTS 


Na 


Initial 


a4 Hrk 


l 


98 
98 
99 
98 
98 
97 
98 
98 


X 

• ■ 

X 

• • 

X 

■ • 

X 

• • 


• • 

X 

• ■ 

X 

■ • 

X 

■ • 

I 


a,oo6 
«« 

A 

«« 

B 
•« 

c 

«• 


ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 


0.63 

• ■ • • 

0.63 

■ ■ • • 

0.63 

• • ■ • 

0.63 

• ■ • ■ 


44«ooo 
SO»€X»9 
69,000 
90,000 
45.000 
48.SOO 
6x,ooo 
67.000 


460 
49*000 

600 
44.000 

400 
a6,ooo 

600 
as.ooo 



Température, 21-23**. 
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EXPERIMENT 7. 
Staktzd Maxch 5, 1906. 



Bottle 


Watcr 
(ce.) 


Pepton 
(gm.) 


Culture 
No. 


CUSO4 

Sol. 

(ce.) 


Gmcentratkn 

ofSdt 
(N/ 1,000,000) 


per Miii.; 


COUMTS 


No. 


Initial 


24 Hn. 


6 

7 
8 


100 
xoo 
loi 
100 

98 

lOX 

98 







I 

X 

I 

I 


9,006 
(t 

A 

tt 

2.006 

n 

A 

(t 


0.5 

2.0 

OS 
2.0 

0.5 

2.0 

os 
2.0 


XO 

40 

XO 

40 
zo 

40 
10 
40 


0.3X 
X.24 
0.3X 
x.24 
0.3X 
x.24 
0.31 
x.24 


i79,ouu 

x89,ooo 

2,400 

2,200 

171,000 

175,000 

2,800 

2,900 


x.040 

3 

3 



2,420,000 

455.000 

X9.500 

XS.000 



Température, 20^-24®. 

DISCUSSION OF RESULTS. 

Effeci of organic maiter in tap wcUer. — In comparing the results 
of thèse experiments, the basis of comparison will be the number of 
surviving organisms in each case, expressed as percentage of the 
initial number. Othcr bases of comparison suggest themselves, but 
the one selected appears on the whole to be the most logical. In 
this way the effect of the copper upon those few comparatively ré- 
sistant organisms, always found in experiments of this nature, is 
given prédominant importance, while the effect upon that large per- 
centage of organisms which is killed in ail the experiments has com- 
paratively little weight. 

Such a comparison of the average results of Experiments i and 
3, best water, with those of Experiment 2, tap water, gives the 
foUowing figures : 



Conoentratioa of 


Pe« Cent Susvivino — 24 Has. 


Ratio 
(6+a) 


Copjper 

(iV/ 1,000,000) 


Best Water 
(fl) 


Tap Water 
(6) 


10 
20 
40 
60 


0.009 
0.004 
0.004 
0.000 


5.800 
0.280 

0.053 
0.000 


644 
70 

X3 



It is quite évident that the organic matter présent in the tap water 
inhibits the toxic action of the copper, but the significant fact hère is 
that there is no definite point in the séries at which the addition of 
more copper to the tap water will produce a normal killing effect 
such as is produced in pure water. The effect of the organic matter 
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cannot be neutralized up to the concentration required for the com- 
plète élimination of the organisms. It would appear, therefore, that 
the apparent inhibition of the toxic eflEect of the copper is due to the 
formation of somc non-toxic compound; that the formation of this 
compound is due to a réversible reaction which is complète only at 
the highest concentration of copper used; and that below this point 
the addition of increasing amounts of copper simply brings about a 
further reaction toward this non-toxic compound, producing a new 
condition of equilibrium according to the law of mass action. 

Dextrose. — The effect of dextrose upon the copper sulphate seems 
to be of a quite différent nature. The following figures are calcu- 
lated from the results of Experiment 4: 



Concentration of 
Copper 

(iV/x, 000,000) 


Pek Ckkt Survivimo — 94 Hss. 




Without 

Deztzow 

(a) 


With Dextrose 
(*) 


Ratio 


xo 
ao 


o.xa 
0.009 


340 
o.oa 


aSj.o 
a. a 



In the lower concentration dextrose neutralizes completely the 
toxicity of the copper, so that the effect is about equal to that in the 
control (Bottle 8). In the higher concentration the effect of the 
dextrose is almost nil. This resuit, taken in connection with the fact 
that the concentration of the dextrose is about ^ molar, and that 
there are accordingly over 10,000 CôHxaOô molécules to each copper 
ion in the one case and over 5,000 in the other, leads to the con- 
clusion that the results obtained are not due to the formation of a 
non-toxic compound. A careful study of the clectric conductivity of 
thèse solutions did not reveal any decrease in the normal conductivity 
of the copper due to the présence of dextrose. It may be presumed, 
however, that what has been called a " physiological compound" 
might be readily broken down under the influence of the electric 
current. 

The following assumption seems to be in agreement with ail the 
facts: The bacteria doubtless attract to themselves by a process of 
adsorption a certain amount of dextrose, and are thus surrounded 
by a solution of this sugar more concentrated than that existing in 
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the water. This tends to produce a différence in osmotic pressure 
between the free solution and this surrounding layer, and it may be 
that a certain definite concentration of the copper ions is necessary 
before this film of "osmotic tension" can be pierced. An analogous 
case is that of surface tension, which présents a certain résistance 
to the entrance of a non-wetted body. 

Peptone. — Peptone was the third substance studied. The results 
of Experiment 7 show that a i per cent solution of peptone allows the 
typhoid organism to multiply even in the présence of rather strong 
copper-sulphate solution. Owing to the high electric conductivity 
of the rather impure peptone, the results of conductivity détermina- 
tions are uncertain. There seems to be little doubt hère, however, 
that an actual combination has taken place between the copper and 
the peptone. The addition of suflScient copper solution to the peptone 
solution to give a distinct color resulted in the formation of a colloidal- 
like solution, of a robin's-egg blue color. 

Thèse results hâve an important bearing upon many practical 
points in connection with the use of copper sulphate for the destruc- 
tion of the t)rphoid organism. Results obtained in the laboratory 
in distilled water are not in the least indicative of what may be 
expected under field conditions. Neither are actual field results 
on one water reliable criteria for the imdertaking of similar work 
upon another. The impracticability of the internai use of copper 
sulphate in the treatment of typhoid fever is also suggested by the 
results obtained with peptone. 

Sélection of a résistant strain. — Cultures A, B, and C were taken 
from Bottle 2 in Experiment 5, and had lived for 48 hours in a solu- 
tion of copper sulphate containing 0.63 parts of copper per million. 
They were used in Experiments S and 6 in parallel with the original 
strain in order to détermine whether they possessed any increased résist- 
ance to copper. The results are ail négative, indicating that thèse 
strains are not more résistant than is the parent strain. 

The time factor in the germicidal effect, — In Experiments i, 3, and 
4, where déterminations of the numbers of organisms were made 
at varions intcrvals during the experiment, it is seen that even in the 
more dilute solution used there is a very rapid falling-off in numbers 
during the earlier part of the test. In Experiment i, for instance, 
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the réduction in 5 minutes was 67 per cent in a concentration of 0.38 
parts of copper per million, but ail the organisms had not been killed 
in 24 hours. Such results indicate an extrême range of résistance 
to copper among thèse organisms. The 42 organisms which sur- 
vived the treatment for 24 hours lived 288 times as long as the 250,- 
000 which died in less than 5 minutes. 

Ejfect of concentration, — This great variability is also shown in a 
study of the effect of various concentrations. 

The avcrage percentage survival after 24 hours in ail experi- 
ments with 0.38 parts of copper per million was 0.19; with 0.76 
parts, 0.07; with 1.26 parts, 0.04. Notwithstanding the fact that 
99.8 per cent are killed by a concentration of 0.38 parts, there 
are still 0.04 per cent which can withstand the action of a copper 
solution four times as concentrated. 

This tremendous variability is of vital importance, not only in 
questions of sterilization of water by heat, freezing, or chemicals, in 
ail of which cases such a variability has been shown to exist, but 
in the far more important questions of the self-purification of streams 
and the longevity of the t)rphoid bacillus in the water. Most cases 
of typhoid fever, contracted from drinking- water, hâve undoubtedly 
come from thèse few résistant forms rather than from those which 
are known to hâve perished in the naturel stream. A removal 
of 99.99 per cent of the t}rphoid organisms may sound like security 
but actually means high t)rphoid rates. The importance of this 
residual hundredth of a per cent cannot be overestimated, owing to 
the very fact that it is so résistant. 
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A NEW SOLUTION FOR THE PRESUMPTIVE TEST 

FOR BACILLUS COLI* 

Daniel D. Jackson. 

iProm Mt, Ptospea Laboratory^ Brooklyn^ N. Y.) 

MacConkey '•'•* has pointed out that the intestinal bacteria grow 
well on an agar médium containing 0.5 per cent of sodium tauro- 
cholate, while the common bacteria are to a great extent excluded, 
and he has recommended that this médium be used to distinguish 
between B. coli and B. typhi abdominalis and also as a test for fecal 
contamination in water. Jordan, Russell, and Zeit/ in experiment- 
ing with this médium for testing water, did not obtain very favorable 
results in that the médium failed to eliminate ail of the water forms. 
Robin* has used MacConkey's agar to advantage in tests of filters; 
but while the results were préférable to those obtained on the regular 
agar, it could not be concluded that ail the bacteria found, or a deânite 
percentage of them, were always of fecal origin. 

In order to détermine the germicidal action of the bile salts and 
their constituents, the author has used a standard agar médium with 
an addition of var}ring amounts of thèse salts, and noted the effect 
produced. The foUowing are the results obtained with the bile salts, 
and their constituents upon the agar growth at 37° C. of bacteria from 
a slightly contaminated water containing two B. coli per ce. 

TABLE X. 



Agar+a.s% 



Sodium tatixocholftte 
** glycocholate 

Tfturochohc add 

Glycocholic add. . . 

Cholic add 

Taurin 

Glydn 



Plain Agar 


Agar 4-0.05% 


Agar +0.5% 


ao 


14 




ao 


14 




ao 


xo 




ao 


xa 




ao 


M 




ao 


ao 


XQ 


ao 


19 


XX 



a 
a 
o 
o 
o 
ao 
5 



This table shows that the bile acids reduced the number of bac- 
teria even when only 0.05 per cent was taken, and that when 0.5 
per cent was employed, taurocholic, gylcocholic, and cholic acids, 
sodium taurocholate, sodium glycocholate, and glycin greatly reduce 
the bacteria présent, some of those remaining giving the tests for 

* Reœived for publicatioa April xa, X906. 
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B. coli. When 2 . 5 per cent of the salts were used the bacteria were 
killed by the bile acids and considerably reduced by glycin, while the 
results with the bile salts remained about the same. 

It is évident that the bile salts and especially their acids exert a 
strong restraining action on the common bacteria which grow at blood 
heat, and that except for glycin (which mildly restrains much as a sugar 
retards bacterîal action), the actual bactericidal effect lies in the 
cholic acid radical of thèse salts. 

It is évident, therefore, that either of the bile salts or a mixture of 
both salts may be employed, thus greatly reducing the cost and ease 
of préparation of what would otherwise be a médium impracticable 
for use in laboratories where much water work is carried on. In fact 
it allows of the use of plain bile as a liquid restraining médium. 

In order to détermine whether or not this restraining action is sélec- 
tive, a séries of waters and solutions were made containing varying 
numbers of intestinal bacteria. The following table gives the results 
obtained: 

TABLE a. 
CoMPAUsoN or RnuLTs noM Vaxious Bilb Agar Media. 



Gelatin at ao* G 

Agar at 38" C 

Bile agar (fresh ox bQe and agar) 

Bile asu- (with bile dfluted i-i) 

Lactose bile agar (with bile dfluted x-i) 

Litmus lactose bile agar (with bfle dfluted x-i) 



BACTEltIA PSS ce. 



Uncontaini- 

nated Shal- 

low Dug 

Well 



çao 

»S 

o 

14 

o 
o 



Coatami- 

natedPaod 

Water 



aToo 

170 

16 

43 
as 

17 



Suspennon 

of Fecea 

Previously 

Grawn at 

37»C. 



350,000 
45Oi00o 
60,000 
300/>oo 
350,000 
350,000 



Fresh 

Suspension 

Containing 

B. coli. 



900,000 
900,000 
900,000 
900,000 
675,000 

60OfO0O 



The média used in the experiments shown in the foregoing table 
were made from fresh ox bile instead of the usual méat infusion with 
peptone. The best results were obtained when the bile was not diluted. 

The figures show that a strong restraining action is exerted against 
the growth of the common bacterial flora and to little or no extent 
against certain of the fecal bacteria. 

The test for fecal bacteria is an important matter, especially in 
water analysis. The method generally employed at the présent time 
for routine work was devised by Dr. Theobald Smith,*»'*' and con- 
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sists of obtainîng the perœntage of gas formed by bacterial growth 
in the closed arm of an inverted tube containing a solution of méat 
extract, peptone and lactose or dextrose. One-tenth, i/and lo ce. of 
water are added to the sterilized média and allowed to stand 48 hours 
in an incubator at 37 . 5° C. At the end of this time the percentage 
of gas formed and the amoimt absorbed by caustic is obtained. 

T)q)ical growths of B, coli give from 25 to 70 per cent gas, of which 
from 25 to 40 per cent is carbonic acid and is absorbed by caustic. 
This so-caUed "presumptive test" is used extensively in most water 
laboratories, and in those of the New York City Department of Water 
Supply, Gas, and Electricity there are tested annually in this manner 
about 7,000 samples of water. The difficulty with this test lies in 
the fact that when badly contaminated water is taken as, for instance, 
a suspension of fèces or a strong sewage, the test often utterly fails, 
due to an overgrowth of some germ other than B. coli. 

In such cases B. coli is inhibited in its growth by the products of 
metabolism of certain other species, usually streptococci. This inhi- 
bition has been noticed by Prescott and Baker,' Irons,^° and others, 
and has been a constant source of annoyance to the author in work 
on water and sewage. The use of sodium taurocholate as suggested 
by MacConkey to prevent the growth of thèse inhibiting bacteria is 
a step in the right direction, but the sait is very expensive and difficult 
to obtain, and the amount suggested (0.5 per cent), while effective 
in solid média, is, in the opinion of the author, too small for liquid 
média. 

Inasmuch as the foregoing experiments showed an equal effective- 
ness of the more abundant sodium glycocholate there appeared to be 
no reason why a mixture of the two bile salts (Platner's crystallized 
bile) could not be used. This mixture is easy to obtain and cheap 
enough to use with liquid média in larger amounts than those em- 
ployed by MacConkey. It is made as follows: 

Concentrate ox bile to one-fourth its bulk; mix with animal charcoal in a mortar 
to a thick paste and evaporate to complète dryness over a water bath. 

To the dry charcoal bile mixture add five volumes of absolute alcohol. Shake 
from time to time, and in about half an hour filter off the alcohol. Concentrate 
the filtrate by boiling; and when cold add ether in large excess and the crystallized 
sodium salts of taurocholic and glycocholic acid will be predpitated. Allow the 
precipitate to stand over night in a tightly covered glass jar and decant ofif the mix- 
ture of alcohol and ether. 
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Dry the predpitated salts first on the water bath and then in an oven kept at 100^ 
C. Powder in a mortar and keep in a tightly stoppered, wîde mouth glass bottle. 
Purify if necessary, by redissolving in a smail quantity of warm alcohol and again pre- 
cipitating with a large excess of ether. 

The author's experiments with bile agar suggested the use of bile 
itself with i per cent of lactose as a liquid to replace Smith solution, 
thus making a much more effective médium which would be cheaper 
and easier to prépare than the latter solution. In the following experi- 
ments the results with the new bile lactose médium is compared with 
plain Smith solution, Smith solution containing sodium taurocholate, 
and the same solution containing sodium glycocholate. 

It is évident that the présence of either or both of the bile salts 
favors the growth of B. coli in Smith solution by inhibiting the growth 
of other bacteria. A proper médium, may, therefore, be made by 
adding to Smith solution 9 per cent of Platner's crystallized bile 

TABLE 3. 



TestoaSewaffe 


Total Cas 


After Abaorption 


%CarbonieAcid 


Test for B.coli 


Smith Boludoii— 

0. X ce 


12 

xa 

17 

53 

43 
6S 

S 

47 

«S 

35 
a7 


33 

27 

40 

a3 
x8 

31 

x8 
»5 

10 


37 
37 
38 

30 
3» 
34 

28 

39 

30 


A 


i.o 





xo.o 


A 


Smith and taurocholate — 

o.x ce 


4. 


I.O 


4. 


xo.o 


4- 


Smith and glycocholate — 
o.x ce 


4- 


x.o 


4. 


xo.o 


4. 


Bile lactoie— 

o.x ce 


4- 


x.o 


4- 


xo.o 


4. 







Test on Solutiooof Hone 


Total Gas 


Ahm^ AUmnm-w^tnm, 


%CarbooieAcid 


Test for B. coli 


Feœs 


Aller Ataorption 


Smith solution— 

o.x ce 








as 

34 

26 

as 

40 
67 








x8 

23 

»3 

x8 

17 
28 

41 








28 
3» 

30 
31 

3» 

30 
30 


A 


x.o 


A 


xo.o 

Smith and taurocholate — 
o.x ce 






x.o 


4. 


xo.o 


4- 


Smith and glycocholate— 
o.x ce 


4- 


i.o 


A 


xo.o 


4. 


Bile lactose — 

o.x ce 


4. 


x.o 


4. 


xo . 


4. 
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prepared as previously described, or by using the author's bile lactcse 
médium. 

This latter médium is to be preferred when fresh bile can be 
obtained, as it appears to be somewhat more effective and is cheaper 
and easier to prépare. Several brands of inspissated bile were tried 
but they were ail very acid and even when neutralized were not effec- 
tive. The bile lactose médium is prepared in the following manner: 

Fresh ox bile from the slaughter house is poured into flasks and sterilized 20 min- 
utes under 15 pounds pressure. When ready for use the bile is filtered and i per cent 
lactose is added. It is then poured into Smith tubes and again sterilized. If the bile 
is fresh the acidity will be from zéro to 5 by Fuller's scale, and within thèse limits 
there is no interférence with the results. 

A large number of tests for B. coli were carried on to détermine 
the relative efficiency of bile jnedia as compared with Smith's solu- 
tion, and also to show the sélective action of the bile salts. Some of 
the most conclusive results are given in Tables 3 and 4. 

TABLE 4. 

CoMPAUSON ov Results Obtaimed in thx Tist 10s B. Coli wrb Siotb Solution and with 

Lactoss Bilb. 



Solution No. X containing pure 

culture B. Coli— 

Total gu 

After absorption 

Pcr cent carbonic add 

Test for B. Coli 

Solution No. a Gontaining pure 

culture B. Coli— 

Total gas 

After absorption 

Per cent carb<mic acid 

Test for B. Coli 

Pond water, slightly contami 

nated— 

Total gas 

After absorption 

Pcr cent carboaic acid 

Test for B. Coli 

Pond water , contaminated— 

Total gas 

After absorption 

Per cent carbinoic acid 

Test for B. Coli 

New York Bay water, contami 

nated, No. i — 

Total gas 

After absorption 

Per cent carbonic add 

Test for B. Coli 

New York Bay water, contami 

nated. No. a — 

Total gas 

After absorption 

Per cent carbonic add 

Test for B. Coli 



Siotb Solution 


Bnx Lactosb 


o.x ce. 


X ce. 


xo ce. 


o.i ce 


X ce 


xo ce 


36 


37 


40 


3» 


46 


45 


aa 


aa 


as 


90 


a8 


«7 


38 


40 


aS 


37 


39 


40 


+ 


+ 


+ 


+ 


+ 


+ 


30 


»7 


60 


49 


65 


53 


ao 


19 


45 


33 


45 


a6 


33 


30 


35 


33 


a6 


34 


+ 


+ 


+ 


+ 


+ 


+ 








36 








33 








34 








ax 








33 








36 








+ 








+ 





10 


ja 





41 


S» 





— 


40 





«3 


39 





— 


44 





44 


45 








+ 





+ 


+ 


;i 


17 


xo 


43 


35, 


57 


— 


— 


aa 


19 


3a 


aS 


— 


— 


49 


46 


44 


+ 








+ 


+ 


+ 


a6 


10 


13 


a9 


35 


44 


ao 


— 


— 


16 


aa 


as 


33 


— 


— 


45 


37 


43 











+ 


+ 


+ 
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TABLE 4.— CMlMMrf. 



SmiB SoLunoM 



o.x ce 



X ce. 



xo ce 



BiLi Lactose 



o.x ce 



X ce 



xo ce 



Rahway Rhrer, N. J., just be- 

lofw lewcr outlet — 

ToUl CM 

Af ter iMorplioB 

Per Gtnt carbonic add. . . 

TtatiarB.Ccli 

Bodine Creek, S. L, badly 

COUtUBIIUlteO" 

ToUl gM 

Aftcr abeorptioD 

Pfer cent cartKmc add 

Test ior B. C4ilf 

KiU von Knll, badly contami- 

nated^ 

Total BU 

Aftcr abeorption 

Per cent carbonic add 

Test for B.CoU 

Hudfloo Ritcr at mouth, badly 

Total gai 

After abnrntion 

Per cent carbonic add 

Test for B. C«/^ 

Hiidaon Ritcr at Hoboken, 

badly contaminated — 

Total su 

After MMwrptian 

Pfer cent carbonic add 

Test for B.CoM 

East Rirer near BVyn Bridge, 

badly contaminated^ 

Total nâ 

After Miorption 

Per cent carbonic acid 

Test for B. CaM 

Ritcr bdow BlackweO's 

T||ian<i, contaminated^ 

Total gu 

After abaorption 

Per cent canwnic add 

Test for B. Co/t. 

ear mouth, 
ated— 

Total gu 

After abaorption 

Pfer cent carbonic acid 

Test for B. C«f« 

Bronz Ritcr, contaminated — 

Total gu 

After abaorption 

Per cent carbonic add 

Test for B. Coli 

Gowanua Canal, at bcad, badly 

contaminated — 

Total gu 

After abaorption 

Per cent carbonic add 

Test for B. Co/t 

Goiranus Canal at Hamiltim Av- 
enue bridge, badly contami- 
nated — 

Total CM 

Aftcr abaorption 

Pfer cent carbonic add 

Test for B. Coli 

Sewsge effluent sfter rougb fil- 

trstxon, Bedford, N. Y.— 

Totsl gM 

After 

Per cent csf bonic sdd 

Test foT B. Coli 



13 



XX 



17 



xo 



37 
as 

37 

+ 



ax 



36 
as 

a7 

+ 



8 



15 



8 



xa 



xo 



Z3 



to 


41 


^ 


30 


— 


a6 





+ 


»S 


19 


17 


— 


3a 


— 


+ 






13 



sa 



33 
a3 
30 

+ 



15 



xa 

o 
aa 



4Ù 
a7 

33 

+ 

a3 



«3 



17 



xa 



17 



x8 



xa 



xa 



xa 



44 

+ 



53 
30 

40 

+ 



35 
aa 

3» 

+ 



n 

44 



a7 
17 
37 

+ 



SI 

a6 

40 

+ 



»5 

17 
3a 

+ 



a7 
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TABLE ^---CoiUmued. 
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In the investigation of the relative efficiency of the Smith and lac- 
tose bile solutions, 275 badly contaminated waters were examined, of 
which 65 per cent gave improper results with the use of the Smith 
solution while only 10 per cent of overgrowths were found when lac- 
tose bile was used. The total amount of gas produced and the per- 
centage of absorption is generally greater when lactose bile is used. 
The gas usually forms somewhat more slowly in the lactose bile, and 
while the second day's resujjts are préférable to those obtained by 
the Smith solution, still better tests are obtained by incubating three 
days. 

CONCLUSIONS. 

The bile salts, and especially their acids, exert a strong restraining 
action on most species of bacteria which grow at blood heat. 
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This restrainîng action is sélective. It favors the increase of B, 
colif retards the growth of certain streptococci, and actually kills off 
the majority of species which grow at 37° C. 

The effect is due to the cholic acid radical and is, therefore, com- 
mon to both of the bile salts. 

Advantage may be taken of the sélective action of the bile salts in 
the détermination of B. coli in water by planting varions amounts of 
the water to be tested in bile lactose solution. The results are much 
more accurate than those obtained by the methods at présent em- 
ployed. 
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B. COU IN MARKET OYSTERS.* 

s. Henry Ayers. 

{Pn»m tk* BoeUridogkttl LûSborûtmry^ University of Ckkago.) 

SmcE the considérable mass of work on the subject of typhoid 
fever and ojrster infection bas been recently revîewed by G. W. Fuller,' 
there is no need of summarizing it in détail hère. One aspect of the 
subject, which is of importance from the public-health standpoint, 
seems, however, to hâve received little attention. Although ojrsters 
hâve been taken from varions beds and examined for sewage pollution, 
I believe no extended examination bas been made in this country of 
oysters obtained from city markets. In England Herdman and 
Boyce* examined oysters from varions shops, and in a very large pro- 
portion of cases B. coli was isolated. 

It is a matter of considérable importance to know how large a 
proportion of commercial shell oysters on sale in a given locality are 
polluted. Knowledge of this sort will aid the health authorities of a 
city in detecting possibilities of danger and in drying up the source of 
infection. With this object in view, examination has been made of 
shell oysters from a number of the principal Chicago markets. 

It has been well established that the présence of B. coli in oysters 
indicates sewage pollution. C. A. Fuller^ has studied the relation 
between oysters and sewage in Narragansett Bay, and has shown that 
bacterial analyses of oysters correspond dosely with analyses of river 
water above the beds and with the opportunities for contamination as 
determined by inspection. 

Considering B. coli as an index of pollution, the examination was 
carried on by the following method. 

Each oyster was opened with stérile instruments, carefully removed 
from its shell, and after being rinsed in stérile water was placed in 
a Pétri dish. The oyster was then finely minced with stérile sdssors 
and mixed with 5 ce. of stérile water. A dextrose fermentation tube 
was inoculated with i ce. of the fluid from the minced oyster. If no 

* ReociTed for pabUcâtkm April 13, 1906. 

* Jom. PrûtMin Insi^ Auguit, 1905, p. 8z. * Thampsait-YttUs Laberùlanes Râf^ 18991 a, p. 43. 
« Appendix to 1904 R^- U. S. Commistiotitr of PishtHes^ pp. 289-338; Sciemct^ 1903, x?» p. 371. 
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gas formed in the tube after 48 hours at 37^ C.^the test was considered 
négative. However, if gas did form, a litmus lactose agar plate was 
made as soon as possible, and after 24 hours agar tubes were inocu- 
lated from the red colonies. The pure cultures were then studied. 
Every fermentation tube not showing gas was examined at the end of 
48 hours for growth in the closed arm, and a note made of the existing 
condition. 

One ce. of fluid from the oyster was thought to be sufficient to 
inoculate the dextrose tube to show any gas-forming organisms 
présent in the oyster. In order to be more certain of that point, 
several fermentation tubes were inoculated from one oyster, and the 
tubes ail showed the same results. The same process was repeated 
on several occasions. 

As far as could be discovered, the majority of Chicago market 
oysters come from Baltimore and New York; some come from Con- 
necticut. The larger part of the supply is from Baltimore. 

Oysters from the following markets were examined: 

Market No. I. Large wholcsale and letail market. Supplies oysters to many 
of the smaller markets in Chicago. "Oysters from Baltimore." 

Market No. II. Wholesale and retail market "Oysters from New York." 
Market No. III. Wholesale and letail market. "Oysters from Baltimore." 
Market No. IV. Large retail market. "Oysters from Connecticut" 
Market No. V. Retail market. "Oysters from Baltimore." 
Market No. VI. Retail market "Oysters from New York." 
Market No. VII. Retail market. "Oysters obtained from wholesale market 
No. I." 

Market No. VIII. Retail market. "Oysters from wholesale market No. I." 
Market No. IX. Retail market "Oysters from New York." 

At numerous other markets visited it was f ound that the oysters were 
obtained from some of the wholesale markets above mentioned. The 
source of the oysters has been recorded just as the information was 
received at the markets. 

The table following shows the results of the examination. 

As the figures in the table show, the 03rsters examined from market 
No. I were free from any indication of sewage pollution. Only four 
dextrose tubes from 63 oysters showed gas; from those tubes only 
proteus forms were isolated. 

From market No. II 24 ojrsters were examined. Two dextrose 
tubes showed gas. From one, an organism belonging to the colon 
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Tabdlated Rxsults or tkb Exaunation. 
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group was isolated, from the other, a proteus form. From the finding 
of one coli-like organism in 24 oysters it could not be said that the 
oysters were seriously poUuted. However, it seems to show the possî- 
bility of pollution and indicates that the oyster beds were probably 
located in a more or less contaminated water. 

From market No. III 26 oysters were examined. Two dextrose 
tubes showed gas. One proteus and one organism of the colon group 
were isolated. The same may be said of that supply as was said about 
the oysters from market No. II. 

The same applies to the oysters from market No. IV, of which 58 
were examined; one coli-like organism being isolated. 

Regarding the oysters from market No. V, there is no doubt that 
the first lot, collected February 27, was badly sewage-poUuted. 
From seven of the 12 oysters examined colon forms were isolated. 
The oysters did not appear to hâve been fattened and seemed per- 
fectly fresh. On attempting, some two weeks later, to obtain more 
oysters at the market, it was found that the dealer no longer kept 
shell oysters for sale. He explained that the oysters "went bad" 
and opened before he could sell them. The market supplied oysters,. 
however, if they were ordered. On examination of 26 ojrsters thus 
obtained, none of the tubes showed gas. It was impossible to find 
out just where the oysters came from, except that both lots came from 
Baltimore. 
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From maxket No. VI 39 oysters were examined. No colon bacilli 
were found. The supply was evidently free from pollution. 

The oysters from markets Nos. VIII and IX showed no organisms 
of the colon group. 

The oysters from market No. VII, although perhaps not showîng 
indications of serious pollution, seemd to be in a state of décomposi- 
tion which would render them unsuitable for consumption. From 
17 oysters, one organism of the colon group and 10 proteus forms 
were isolated. The oysters were no doubt old, as indicated by the 
fact that their shells were slightly open. The présence of proteus 
forms probably shows that the oysters were undergoing décomposi- 
tion, which view is further borne out by the putrid odor which accom- 
panied them. 

From the results of the examination it seems likely that growth in 
the closed arm of the fermentation tube, without gas formation, indi- 
cates the aging of the oysters. The présence of proteus forms prob- 
ably means old oysters. 

SUMMAKY. 

1. Eleven organisms belonging to the colon group were isolated 
from the 294 oysters examined. 

2. Colon bacilli were found in oysters from five markets out of a 
total of nine. 

3. The présence of J5. coli in so large a proportion of oysters from 
market No. V seems to show that the oysters had been in contact with 
sewage. A second lot of oysters from the same market, but from 
another source, showed no évidence of pollution. 

4. Colon bacilli in so small a proportion of oysters in Chicago 
markets would hardly indicate a widespread pollution, but a more 
extended examination might show différent results. 

5. The colon test seems to afford a valuable means for determining 
the purity of a cîty oyster supply. 

It is not intended to présent thèse facts as a complète study of the 
oyster supply of Chicago, but simply to show the condition of oysters 
from several of the most important markets in order to illustrate the 
value of such a bacterial examination. 
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In the course of some expérimental studies on pneumococcus 
infection, the technic of previous observers reconunended for the 
staining of the encapsulated organisms was tested, and varions 
new methods were devised in the hope of securing reliable procéd- 
ures by which pneumococci may be differentially stained in cover-glass 
préparations and in sections of tissue. 

My expérience with thèse methods, old and new, it is the purpose 
of this paper to record. 

PREVIOUS METHODS. 

Simple staining. — In the simplef routine staining with aqueous- 
gentian-violet or carbol fuchsin, smears of pneumococcus exudates 
may show the organisms encapsulated; but this is extremely uncer- 
tain. Similarly, under favorable conditions many of the older 
spécial methods;}^ devised for capsule staining often give excellent 
préparations, but the results vary, and are therefore unreliable 
when compared with those obtained with the simple, perfected 
technic used by récent observers. The most reliable and practical 
of ail thèse methods in my expérience are based wholly or in part 
on principles first adopted by Guamieri. 

In 1888 Guamieri^ made déterminations of the solubility of 
the pneumococcus capsule in acid, alkaline, and neutral sait solu- 
tions; and finally he obtained the proteid reaction with Millon's 
reagent, thus indicating an albuminous composition. On thèse 
déterminations Guamieri devised a new method of staining the 
encapsulated organisms in exudates: smears fixed in the flame 

*Reoeiyed for publication Februaiy 19, 1906. 

tPane." 

tFriedlinder.s Ribbert,'' Roaz.<« Muir," MacConkejr,* Gardon,« KoUe and Wasiennan.* 
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were stained with analin-gentian-violet, then washed and differ- 
entiated in 2 per cent aqueous sodium chloride, rewasked very 
quickly in water, dried, and mounted in balsam. Similar methods 
hâve since been recommended. Thus, Welch'^ adopted Guar- 
nieri's method of staining, but mounted the spécimen in the sait 
solution, and suggested a preliminary treatment with glacial acetic 
acid on the ground that the capsule was composed of mucin.'i' 

Buerger* also adopted Guamieri's method, but reconmiended 
a preliminary fixation of the capsule, first in a solution of chromic 
acid and bichloride of mercury, then in an alcoholic solution of 
iodine (U. S. P.)* With Gram's method of staining this fixation 
is essential, but in the simple procédures the advantage of it is less 
apparent, for practically the same results are secured with Guar- 
nieri's less complicated method. 

Hiss,^ however, by substituting the ordinary aqueous-gentian- 
violet stain for the unstable anilin-gentian- violet, and by using 0.25 
per cent potassium carbonate solution, which to some extent clears 
the field, simplified and improved materially the technic of capsule 
staining. Finally, by using a 20 per cent copper sulphate wash 
instead of the potassium carbonate he found that the spécimen 
could be dried and mounted in balsam. 

Formerly capsules were found only in the exudates of infected 
animais, but now they are readily demonstrated in organisms grow- 
ing in artificial média. Boni foimd that when cultures of pneu- 
mococci are smeared in egg albumin, the capsules are easily stained. 
Hiss secured similar results with blood sérum, and by means of 
his more reliable methods of staining was able to détermine more 
fully the importance of utilizing this principle in the morphological 
study of the pneumococcus. 

By virtue of thèse modem procédures it is now a comparatively 
simple matter to demonstrate capsules on thèse organisms. It 
is no longer a question of how encapsulated pneumococci may be 
stained, but of how they may be most simply and reliably stained. 

*Wdcfa does not state the reasons for this bdief ; it b therefore difficult to refute the positive, though 
încomplcte, obsenrstioos of GuaraierL Mttdn is a glyooproteîd aad reacts to Mittoo's rea0ent, but the 
sdubilities differ, and capsules axe mofe ooostantljr noted in albominoM «sdia than in the prasenoe of 
mudn. In f act« the muoous seoetions of the mouth are not a particolariy favorable'e nviru nment for the 
démonstration of capsules, wheress capsules are readiljr obtained in simple broth, if oiâf the albumin 
or even the peptones be suffidendjr inoeased. 
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The methods of Guamieri, of Welch, and of Buerger, reliable, though 
in one way or another complicated, ail give temporary mounts, 
and are thus unsatîsfactory; particularly when sîmilar or better 
results may be secured by simpler procédures giving permanent 
préparations in balsam, which may be kept for future référence, as 
with the copper sulphate method of Hiss.^ 

DifferetUial staining. — Thèse simple methods of staining encap- 
sulated pneumococci, however, do not always suffice to differentiate 
the pneumococcus from other capsule-forming bacteria.* To com- 
plète this differentîation further steps are necessary. In pneumonie 
exudates, pneumococci, streptococci, and pneumobacilli (Fried- 
lander) are frequently associated together. The streptococci, 
except possibly under especially favorable conditions, rarely show 
capsules. The pneumobacilli not only are encapsulated, but the 
short and degenerating forms are practically indistinguishable 
from the pneumococci. The pneumobacillus, however, decolorizes 
by the Gram stain; but this does not show capsules, and when thèse 
contaminated exudates are examined for the morphological déter- 
mination of the présence of thèse species, both the capsule and the 
Gram stains are required, and even then the observations may not 
be accurately correlated. Cultural characters are more précise and 
final, but require time; and, furthermore, the streptococci and 
pneumobacilli, when présent, usually predominate; they also grow 
so rapidly, and the pneumococci are frequently in such small numbers, 
tl^at, unless exceptional précautions are taken, the pneumococci may 
not be found. 

For thèse reasons efforts havé been made to obtain a reliable 
method which would demonstrate the capsules and the Gram differ- 
ential in the same préparation. This resuit has been noted in spéci- 
mens overexposed, or exposed with heat to the anilin stain and the 
iodine solutions; but this is so exceptional that spécial methods 
hâve been devised. 

For this purpose Smith'^ fixes the smears of fresh sputum from 
pneumonia patients in the usual way by heat. The films are then 

*Tlie morphological di£Ference8 in the capsules of the pneumococci, as oompared with other encap- 
«olated organisms reaembling the pneumococcus, which Buerger obtained with his simple stain, and upon 
which he lays so much stress, dépend chiefly upon the varying sta^s of devdopment or degeneration and 
solution of the capsule, and upon the degree of decolorization. They are in no sensé differential. 
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steamed in anilin-gentian-violet and in the iodine solution. After 
the usual alcohol decolorization and a few seconds' exposure to 
a mixture of alcohol, 4 parts, ether, 6 parts, the smear is counter- 
stained, first in aqueous eosin, then in LoeflSer's méthylène blue. 
This is followed by slight decolorization in 95 per cent alcohol, 
dehydration in absolute alcohol, xylol, and balsam. 

Buerger* fixes the smears of encapsulated pneumococci in Mill- 
ier 's fluid saturated with bichloride, for one-half minute,* and 
washes in water. After one minute 's exposure to an alcoholic 
solution of iodine (U. S. P.), and washing in alcohol, the smear 
is stained in the usual way by the Gram method — ^anilin-gentian- 
violet, Lugol's solution, alcohol decolorization — and washed in 
water. After counterstaining in aqueous fuchsin, the préparations 
are washed and examined in 2 per cent sait solution. 

With thèse methods of Smith and of Buerger the bacterial cells, 
under favorable conditions, may be stained by the Gram stain and 
demonstrated with capsules. The procédures, however, are com- 
plicated, not as accurate and reliable as the simple capsule stains, 
or give temporary mounts; and none of the methods thus far con- 
sidered are applicable to the démonstration of encapsulated organisms 
in sections of diseased tissues. 

THE NEW ICETHODS. 

In the attempt to secure methods by which the differential stain- 
ing of encapsulated organisms in tissues as well as films could be 
easily accomplished with a reasonable degree of certainty, a great 
variety of procédures were tried without success before satisfactory 
results were finally obtained. Suffice it to note that ail the efforts 
to keep the capsules from dissolving in the course of hardening, 
imbedding, and staining, by the addition of various chemicals to 
the solutions, so successfuUy adopted in the simple methods of 
Guamieri and of Hiss for films, failed to give reUable results. Excep- 
tionally, a few encapsulated organisms were stained in sections 
treated in this fashion, but the resuit of thèse procédures proved to be 
wholly beyond control, and was thus of no practical value. It 
was therefore évident, if the Gram stain was to be used, that the 
solution of the problem depended primarily upon sectiring a per- 

* In my expericnoe with this method longer ezpoeurcs are advisabk; in fact, rwmtial. 
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manent fixation or coagulation of the capsule. Obviously, success 
in securing permanent fixation depended upon the composition 
of the capsule. In the absence of data to the contrary, the results 
of Guamieri's chemical studies, and the fact that capsule préser- 
vation or formation is largely determined by the présence of albu- 
min, suggested with reasonable probability an albuminous com- 
position. Attention was therefore directed to the study of the 
action of bicUoride of mercury and formalin, which not only pre- 
cipitate albumins, but enter into chemical combination with them. 

BicUoride meihods. — Bichloride of mercury was tested in both 
aqueous and alcoholic solutions. Alcoholic solutions proved more 
efficient. Dried smears, fixed in saturated bichloride-alcohol for 
a few minutes and washed in water, may be stained in aqueous- 
gentian- violet, and mounted in the usual way, or they may be decol- 
orized by retreatment in the bichloride-alcohol for a few seconds 
before washing in water and drying. In thèse préparations the 
encapsulated celb are often very sharply demonstrated in a per- 
fectly clear field. With the Gram differential procédures the cap- 
sules fixed in bichloride-alcohol rarely* withstand the osmosis 
required to bring the spécimen to a balsam mount, and as applied 
to the study of tissues in section it was a complète failure. 

Bichloride-alcohol thus proved valuable in coagulating and 
partially fixing the capsules, and also in clearing the field; but, 
aside from this, it offered little practical advantage over the simple 
staining procédures of other observers. 

Farmalin meihods. — ^The fixation obtained with strong solutions 
of formalin proved more stable. It was also found that, when 
désirable, formalin may be effectively used as a wash after simple 
staining with aqueous-gentian-violet, or s to lo per cent may be 
added to the stain to shorten the procédure. Although useful and 
simple, thèse methods çffer no spécial advantage over the definite 
fixation secured by the stronger (40 per cent) solutions of formalin,t 

*Exodkiit balMin preparadons for demonatntioa porpows wck leadily aecured, but for routiae 
work the results were unoertain. With other spedes of encapsulated bacteria this may pro^ more idiable* 
forinsectioQs of tissues hanVnrd in bichloride Wri^t and MaUory'T demonstrated capsules on a Gram 
negadve organism rcsembKng the Friedllnder badllus. 

tThe addidon of alkali to the formalin interfered seriousljr with the fixation, but the addition of 
acéfic add z to siicroent in some instances proved adTantageoms, espedaOy in secoiing pénétration of the 
tissues. and also it was thou^t, by counteracttng the alkaline reaction of the body tissues. 
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after which a great variety of staining as procédures, difFerential 
well as simple, may be readily adopted according to the character 
of the material to be examined, and the purposes of the examination. 
The simple routine gentian-violet stain may be used, or this, after 
drying, may be decolorized for a few seconds in saturated bicUo- 
ride-alcohol and counterstained, or the Gram differential method 
may be employed. Finally bits of diseased tissue may be hardened 
in 40 per cent formalin, imbedded in celloidin, and sections eut 
and stained by simple and differential methods to demonstrate the 
présence of encapsulated organisms. 

Brieffy tabulated, the technic for smear préparations is as follows: 

TECHNIC FO& THE FIXING AND STAINING OF SUEARS. 



Simple Staint. 



1 Formalm 40%, è~s vabï.* 

2 Washmwater. 

Differential Stâins. 

Gram's method. 



3 10% aq. g cntiaii-nolet. 3 Anilin-fcntiaii-Tiolet, 9 min. 



4 Wash water. 4 Blot, dry. 4 lodine solution, a min. 

5 Dry, mount balsam. 5 Sat. bidiloride-alooholt 5 >ec.^ 5 Aloobol, 95% deooloriae. 

6 Dflute aq. eoain or fucfaain, 5 sec.* 6 Eoem aloohol. 6 Aq. fuchsin (dflute). 
1 BloC dry, mount in iMlsam. 7 Oil of origanum. 7 Waah water. 

8 Balaam mount. 8 Dry, mount în balsam. 

THE TECHNIC FOR SMEABS OF SPUTUH. 

The démonstration of encapsulated pneumococci in smears of 
exudates by thèse formalin methods is thus comparatively simple. 
The démonstration of encapsulated pneumococci in smears of 
sputum, however, has proved in my expérience another problem. 
With fresh sputum containing exudate coughed up from the lung 
good results may often be secured, especially if the more purulent 
portions of the sputum are selected for examination. But more 
frequently the organisms fail to show good capsule development, 
and in the sécrétions from healthy persons the capsule îs even less 
marked. Apparently saliva and mucus offer poor conditions for 
capsule formation, and, although the cells coming from the lung 
exudates may retain their capsules for some time, the organisms 
growing in the mouth sécrétions may lose their capsules. To demon- 

*Thidk smears require longer ezpoaure than thin smears of material containing fiev cclls and little 
détritus. 
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strate capsules on such cells, albumin'*' in the fonn of blood senim 
(Hiss) or egg albumin (Boni) must be added, and thoroughly mixed 
with the sputum before the smears are made. The mucus in which 
many of the organisms are imbedded protects them from the albu- 
min, and they fail to show capsules. Often it is only the isolated 
or exposed cells which show capsules. In the fixation by formalin 
the mucus also protects the cells from the action of this reagent; 
longer exposure is therefore required, and after this the préparation 
should be thoroughly washed in water, or some of the formalin 
will be retained and precipitate the anilin stain when this is used. 

The démonstration of capsules on the pneumococci in sputum 
thus dépends prîmarily upon bringing the bacterial cells into an 
albuminous environment favorable to the préservation or develop- 
ment of capsules. f This accomplished, the staining procédure is 
purely a matter of choice. With the formalin préparations the 
Gram stain may be used and a difFerentiation for practical purposes 
at once secured, as on further study in culture, Gram-positive, 
encapsulated organisms of pneumococcus morphology practically 
always give the biological characters of the pneumococcus. Occa- 
sionally encapsulated forms of the Micrococcus tetragenus resemble 
atypical pneumococci, but usually there is little difficulty in differ- 
entiating thèse forms. The Sireptococcus mucosus^ in my expéri- 
ence, cannot be diflFerentiated morphologically from the pneumo- 
coccus. Streptococci, in my expérience, hâve rarely given definite 
capsules;}^ with thèse formalin methods. 

THE TECHNIC FOR SECTIONS OF TISSUES. 

Although the fixation of the pneumococcus capsule in smears 
is simple, in tissues hardened for celloidin sections it is difficult 
and less certain. The chief difficulty lies in securing sufficient 
pénétration. In the body fiuids the formalin is diluted, and it 
combines with the albuminous material which is coagulated. This 

^Blood aerum aeems to miz with sputum better than egg albumin, but as suggested by Pnrfeasor 
F. C. Wood, egg albumin, if it is diluted and made iaotonic with NaQ solution, will give practically as 
good results. 

tWith Bouat poetmiooocd capsules are obtained with great difficulty. For complète discussion of 
the differendation of the poeumococd the reader is referred to the work of Hiss» Borden, and Knapps. 

tOccasionslly a faint, hasy periphery, suggesdng a shrunken or degenerated, partiaUy dissolved 
capsule, was noted. 
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protects many of the bacterial cells from the action of the formalin, 
and the capsules of thèse cells are not properly fixed, and are thus 
dissolved by subséquent treatment. Thèse difficulties are often 
encountered in précise histological work, and are largely elimînated 
by injecting the tissue with the hardening âuid, or, when this is 
not feasible, by cutting the material into small bits or thin slices. 
The lungs are easily injected through the trachea and are quickly 
hardened in the distended condition. The lésions may then be 
eut into small pièces and the fixation completed in fresh, strong 
formalin, the whole process taking from three to five hours. After 
alcohol dehydration the material is imbedded in celloidin and eut 
in the usual way. It is important to hâve thin sections* for micro- 
scopical examination; otherwise the encapsulated bacteria lying in 
the exudate among the cells cannot be easily distinguished. Âfter 
alcohol dehydration thèse sections may be fixed on the slide by 
partially dissolving the celloidin with ether, or alcohol and ether, 
equal parts. A few seconds in alcohol will then harden the thin 
film of celloidin covering the section, and after washing in water 
the préparation is ready to be stained. A variety of staining 
procédures may be employed;t but the Gram method, by virtue 
of its di£Ferentiation, has proved the most useful. Anilin-gentian- 
violet stain for two to five minutes, iodîne solution one to two min- 
utes, alcohol decolorization, eosin-alcohol counterstain, eosin-oil 
of origanum to clear, and balsam mounting, are the several steps 
of the technic. This has rarely failed to give good results, but occa- 
sionally the pneumococci, after prolonged exposure, or after expo- 
sure to weak or impure formalin solutions, decolorize partially in 
the alcohol. This technical error, when it occurred, was rectîfied 
by using a 5 per cent bichloride-alcohol for the decolorization fol- 
lowing the iodîne solution, so that the material could be studied, 
though not so accurately as when the cells were properly fixed. By 

^Tliin sectioDS are leadily securtd bjr painring the surface of the block with dOute celloidin-ether 
between each stroke of the knife. 

t A oombinatioa of the NiooUe and Van Gieaon methods of staining has given some excellent prepa ' 
rations. After staining in Loeffler aîkalinr méthylène blue, the dye is fixed in the bacterial cells by lo 
per cent aqaeous tannic acid. This is foUowed by a partial decolorization in aloohd« counterstaining 
in van Gieson's strong fuchain-picric add sdution (Freebom, Proc. N. Y. Path. Soc., 1893, p. 73), dif- 
ferentiation in picric acid alcohol, clearing in pîcric add-oil of origanum, and mounting in balsam. The 
Gram stain may be substituted for the méthylène blue and tannic add stain, but it is apt to deoolorixe 
in the add alcohol. The picric add œUular stain is more easily studied than the eoain stain. 
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using strong bichloride-alcohol for decolorization, Gram-negative 
organisais retained the gentian- violet stain and were demonstrable 
in the sections. 

The difficulties of staining encapsulated pneumococci in sections 
of diseased tissues are thus purely technical, similar to those met 
with in ail précise histological work, and with due care easily elimi- 
nated. By using the Gram method of staining a practical differ- 
ential procédure is available for the accurate détermination of pneu- 
mococci in sections of diseased tissues. This is particularly valuable 
in the study of pneimionic lésions, where contaminations or secon- 
dary infections often occur, and cultural examination fails to reveal 
the true significance of the bacteria isolated, or the relationship 
of thèse organisms to the disease processes. 

Thèse methods of studying the encapsulated pneumococcus, 
uniform in principle, for the most part simple, and adaptable to 
varying conditions, hâve been of such value in my studies that I 
believe they may prove similarly useful to other workers in this field. 
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AN APPARATUS FOR TESTING THE VALUE OF FUMI- 

GATING AGENTS.* 

Akthuk I. Kendall, 
Acting Chief, Board o< Health Laboratory, L C. C, Panama. 

CoiNCiDENTLY with our increased knowledge of the part played 
by mosquitoes in the spread of malaria and yellow fever there has 
arisen a dcmand for a class of substances which shall be efficient in 
kiUing thèse insects. 

Although the introduction of préventive measures for thèse dis- 
eases is a comparatively récent event, the number of substances-^ 
"Culicides" — ^proposed for this purpose is very great; in fact, there 
are approximately as many culiddes as there are disinfectants for 
bacteria, although our knowledge of the latter is much the more 
complète. 

There is this différence, however, between the two classes of sub- 
stances above mentioned, namely that whereas the bacterial fumigation 
has been studied with great care and détail, with gradually perfected 
apparatus and methods, the mosquito fumigation is still in the rule- 
of-thumb State, and we hâve no very definite data based upon careful 
expérimental procédures upon which to compare the relative 
effidency of différent culiddes. This is due, to a considérable 
extent, to the fact that at présent there is no method or apparatus 
which will allow such comparison. 

The writer has had occasion to construct an apparatus for this 
purpose which has given satisfaction in actual use, and which has 
fumished a ready means of demonstrating the applicability of the 
varions culicidal substances which from time to time hâve been 
proposed in this connection. 

Before describing the apparatus in détail, it will be well to con- 
sider what one must know about a fumigant; confining ourselves to 
salient points, omitting détails which are of lesser importance. 

One must consider cost, availability (including continuons sup- 
ply), killing (orculicîdal power), effect upon fumishings (or in 

^Received for publication Febroary 17, 1906. 
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gênerai upon material likely to be exposed to ils action), and the 
possîbility of leaving poîsonous resîdues. Of thèse factors, the cost 
and supply are factors quîte without the pale of any expérimental 
data, asîde from the question of cost în so far as it is affected by 
questions of relative efficiency, and need not concem us hère. 

The question of killing power, chemical changes, and action upon 
substances exposed to the action of the fumigant are points of the 
greatest importance. 

It should be stated that there are two factors involved in the 
lethal action of fumigants upon mosquitoes: the first, a stupefying 
effect, which is, or was, overlooked for a time, and the actual death 
of the insect. Almost invariably stupefying précèdes the death of 
the mosquito, although the latter may follow the former so quickly 
as to appear almost as a simultaneous phcnomcnon; hcnce it is 
necessary so to place insects upon which one décides to try the action 
of a fumigant that they may be freely exposed to the culicide, yet 
be available for examination at any period of the experiment. 

The apparatus described below has been constucted with thèse 
points in view; in addition, provision is made for the introduction 
of samples of the varions fabrics, paints, finishings, and, in gênerai, 
any sort of material likely to be exposed to fumigation. 

The latter is more important than would at first seem possible. 
For example, it has been found that certain paints, containing lead 
or similar metals, if poorly applied, or exposed to certain chemicals 
in the présence of excessive moisture, tum yellowish, or even dark- 
colored, due to the formation of sulphides, While this does not 
necessarily spoil the protective action of the pigment, it detracts 
greatly from the esthetic appearance and renders the fumîgat- 
ing squad liable for damages. Tliis is a particularly important 
point in tropical countries, where the humidity is always excessive, 
and where much fumigation is necessary. 

The principle involved in this apparatus is simple. The essential 
parts are a box having a content of loo cubic feet, provîded with 
a séries of holes through which may be introduced cages, made of 
wire gauze (20 mesh) six inches long, one and one-half inches in 
diameter, closed at one end with wire netting of the same mesh as 
that forming the body of the cage, at the other end by a tapering 
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stopper of wood, which fits tightly înto one of the holes in the sîde 
of the box mentioned above, in such a manner as to support the cage 
inside of the box with the long axis of the cage at right angles to 
the wall through which it projects, in which position it is maintained 
by the wooden stopper. It will be seen that the stopper does three 
things: it closes the open end of the netting cage, preventing the 
escape of mosquitoes or other insects which may be inclosed in the 
cage, stops the hole in the wall of the box through which the cage 
is introduced, and keeps the cage in position. 

Mosquitoes placed in cages, which in tum are suspended f rom the 
wall of the box in the manner above described, are freely exposed to 
whatever may be présent in the air within the box, because the gases 
or fimies pass freely through the wire gauze of which the cage is 
made; at the same time, the insects are imprisoned in the cages, 
and are available for dose examination at any time merely by remov- 
ing the stopper, which in tum removes the cage to which it is attached. 

The hole occupied by the stopper and cage is closed by a sim- 
ilar stopper, when the cage is removed, thus preventing the escape 
of gases. Inasmuch as one may replace the cage by a blank 
stopper in a very few seconds, the loss of fumigating material is 
minimal. 

Glass Windows are provided in opposite sides of the box. Thèse 
permit a limited examination of the contents of the box until the 
fumes become too dense. The relative amount of light coming 
through, observed at the Windows of the box as fumigation progresses, 
fumishes a rough index of the volume, or rather density, of the 
fumes at any time. Hooks are provided in the interior of the box, 
upon which may be hung varions fabrics; or one may place fabrics 
over the cages in such a manner as partially to shield the cages 
containing mosquitoes from the action of the fiunigant. 

In addition, a lamp (alcohol) with a long neck has been used 
to fumish heat or flame for any substances requiring the addition 
of heat aside from that produced by the combustion itself. The 
lamp is supported by a stopper which fits tightly in one of the holes 
in the bottom, through which the cages are introduced, and one 
may remove the lamp as one replaces the cages by removing the 
stopper, which withdraws the lamp, and substituting a blank stop- 
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per; one may thus întroduce or remove the lamp at any time wîthout 
interfering with the fumigation. 

The removable cage is especîally important for the study of the 
interval elapsing between stupefying and actual death of the mos- 
quîtoes. One places stupefied mosquitoes in the fresh air for a 
time, and in this way détermines the interval necessary to produce 
the various sets of phenomena between the beginning of the experi- 
ment and the actual death of the mosquito. 
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Fio. I. — Front of fumigiatioa apparatus. 

Fio. a. — ^Détail of door, showing overlapping surface. 

Fio. 3.— Deviœ for finnly dosing door. 

DETAILED DESCRIPTION OF THE FUMIGATING APPARATUS. 

The box in which the expérimental fumigations are carried on 
is made to contain exactly 100 cubîc feet, inside measure. The 
dimensions are five feet wide, four feet long, and five feet high; 
this is approximately the average proportions of many rooms which 
are fumigated in Panama, and thèse dimensions hâve been chosen 
because it is believed that the ratio of height to length and width 
is not without influence in this work. 

The material is pine, covered with three coats of white paint, 
to préserve the wood as well as possible from the action of moisture. 
The door and window in the back are made in such a way that 
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there is three inches' overlapping of the door and window upon the 
fraxningy to minimize the loss of fiunigant. In actual practice we 
hâve found the leakage from this source is practically nil. 

The small door in the back, measuring one foot square, is so 
arranged that one may paste paper or any f abric over the opening 
in such a way as to détermine its permeability to a given fumigating 
agent. It is frequently necessary to do this, partioilarly if one 
wishes to know the value of such material when employed for closing 
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Back Fia. 4: 

Fio. 4.— Back view of box. 

Fio. 5. — Closmg derioe for door; tlie oyerUpping ia the aame as the front door. 

openings in buildings which are to be fumigated. The function of 
the glass Windows, each one foot square, upon the sides, has already 
been commented upon. 

Holes measuring one and one-half inches in diameter are bored 
at regular intervais through the bottom, top, sides, front, and back 
of the box. Particular attention is paid to hâve the alignment 
with référence to the height above the floor exact, because the dis- 
tance above the floor is a very important factor to consider with 
many fumigating substances, particularly if the fumes are light, 
and consequently very dense at the top of the room, but practically 
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absent at the bottom. For this reason holes are bored in the âoor, 
so that mosquitoes may be introduced and exposed at the point of 
minimum efficiency of the fumigant. 

The cages are composed of wire netting of a mesh not less than 
20 to the inch, This is extremely important; repeatedly the writer 
has seen Stegamyia fasciata pass through a 17-18 mesh netting. 
One end is closed with a circular pièce of the same material, the 
seam soldered, and the other end provided with a band of tin, one 
inch wide, which fits inside the cylinder, serving the twofold purpose 

of keeping the cylinder in shape at this 
end and fumishing a point of attach- 
ment for the wooden stoppers. 

The latter are tapered so that they 
fit tightly inside the tin lining of the 
wire cage, and at the same time fit 
Ç> tightly into the hole in the side of the 
iT) box through which the wire cage just 
passes. A half-inch hole through the 
long axis of the wooden stopper per- 
mits the introduction of mosquitoes, 
and a cork stopper of appropriate size 
doses this hole when the mosquitoes 
TOP are in place, preventing loss of mos- 

A collection of wooden stoppers which fit the holes in the sides 
of the box, and which serve to dose thèse openings when they are 
not occupied by mosquito cages, complète^ the outfit. 

The writer has not only tested comparatively the ordinary fumi- 
gating agents, but has made a séries of careful studies to show the 
relation of results obtained imder idéal conditions as initiated in the 
apparatus above described with those obtained in large buildings. 
The great amount of fumigating which is being done in Panama 
permits such comparisons on a practical scale, and, without going 
too much into détail, the results show in gênerai that a slightly larger 
amount of fumigating agent per unit space is required in the relatively 
small box than in a building which can be closed tightly. This 
seems to be due, in part at least, to the proportionately large amount 
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of surface in the box as compared with that of a very large room. 
The absorption and surface condensation are increased as the sur- 
face increases, and a smaller room, of course, bas relatively a larger 
surface than a laiger room of the same gênerai shape. 

Hence, as a rule, the fact that mosquitoes are killed in this appa- 
ratus with a certain amoimt of fumigant per unit spaee, under given 
conditions, will hold for a larger room, under the same conditions. 
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FiG. 7. — Sectioa of aide ahowing oœ café in poaitioa; the cage pcojects into the lumen of the box 
and ia doaed on the ootride by a amall stopper. 

FiG. 8.— Sides of box. 

FiG. 9. — One ci the wixe-gauae cages showing wooden stopper, with hole for introduction of 
mosquitoes doaed by a wooden ston^er. 

Conversely, and even more certainly, if a given concentration of 
fumigant wiU noi kill in the expérimental box, in a large space the 
fumigation, under the same conditions, will be unsuccessful. 

A very interesting and important point has come up in con- 
nection with this work; namely, the rapidity with which the active 
fumigating agent is evolved makes a great deal of différence in the 
efficiency of the fumigation. For example, with the less active 
fumigants and cxdicides, as pyrethrum, the différence between com- 
plète success and complète failure may dépend upon the rapidity 
with which the cuUcidal substance is evolved as smoke. One pound 
per 1,000 feet bumed in three portions simultaneously is rather more 
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efficient than one and one-half pounds burned in one lot. This 
seems to hold true to a lesser extent with ail the culiddes. 

The amount of fumiture, and in gênerai of objects which occupy 
much space, diminishes the effidency of the culiddal action, and 
should be taken into account in practical as well as expérimental 
fumigations. 



THE EFFECT OF SUBCUTANEOUS INJECTIONS OF 

WATER, RINGER'S FLUID, AND TEN PER CENT 

SOLUTIONS OF ETHYL ALCOHOL UPON 

THE COURSE OF FATIGUE IN THE 

EXCISED MUSCLES OF THE 

FROG* 

Theodoke Houoh and Claka Eleanok Ham 

(FfWM Ikê Bùhgkêl Laèmûtênu of tkê MassaekÊUiUt Inttitmiê of TeehmtUgy.) 

The research, the results of which are herewith reported, was sug- 
gested by a paper by Lee and Salant' on the effect of alcohol upon the 
fatigue of skeletal muscle. Thèse investigators, after ligaturing one 
leg of a frog near the hip joint, injected a lo per œnt solution of ethyl 
alcohol into the dorsal lymph sac or the stomach; the ligatured (nor- 
mal) leg was at once removed below the ligature, and a fatigue tracing 
taken from the gastrocnemius, using isotonic contractions and giving 
about 60 stimuli a minute. After allowing from 20 to 75 minutes 
for the absorption of the injected fluid, a similar tracing was taken 
from the "alcoholized gastrocnemius of the other leg. Thus from 
each animal records were obtained from a non-alcoholized and an 
alcoholized muscle." 

The results of a large number of experiments made by this very 
ingénions method are thus summarized by the authors : Tradngs from 
the alcoholized muscle showed "quicker contraction, quicker relaxa- 
tion, larger nimiber of contractions and increase of work in a given 
time, larger nimiber of contractions and greater total amount of work 
before exhaustion sets in, and delay of fatigue;" and the conclusion 
is drawn that "in mediimi quantity it (i. e., ethyl alcohol) exerts a 
favorable action" upon skeletal muscle. 

We can fully corroborate Lee and Salant's statement that the 
"alcoholized" muscle contracts and relaxes more quickly than the 



* Recci^Fed for pabUcmtioa April 13, 1906. 

* LsB AMD Salamt, iliMT. /mt. of Phytid., xgM, 8, ppw 61-74. 
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musde of the ligatured leg. This difiFerence is seen in thc earlier 
contractions of the séries and becomes more pronounced in the later 
contractions. The contraction time of the looth twitch of the normal 
muscle, indeed, may exceed one second, while that of the alcoholized 
muscle may not exceed a fiith of a second; and this is spedally true 
of the period of relaxation, which is often disproportionally length- 
ened in the "normal" muscle. 

With regard to the statement that the alcoholized musde gives " a 
larger nimiber of contractions," we hâve found that a larger number 
of complète simple contractions (i. e., twitches in which relaxation is 
complète before the next contraction begins) may be obtained 
from the alcoholized muscle. But it would seem that Lee and Salant 
hâve taken the disappearance of individual simple contractions as an 
indication of the cxhaustion of the muscle. Figs. i and 4 of their 
paper, however, show clearly that, while the individual contractions 
of the normal musde do indeed cease sooner than those of the alcohol- 
ized musde, this is due to the fact that relaxation is not complète and 
the muscle has gone into tetanus. Obviously, such a tracing does not 
show exhaustion. 

In order to eliminate this disturbing factor of increased relaxation 
time, we hâve repeated the experiments with the exception that in one 
séries less rapid rates of stimulation (one every two or thtee seconds) 
were used, and in another séries the two muscles were thrown into 
tetanus and their tracings compared. In ail cases the alcoholized 
muscles showed greater résistance to fatigue; and during the tétanie 
contractions the weight was not only lifted to a greater height, but 
also held at a greater height than by the "normal" muscle. 

Lee and Salant 's results as to the behavior of thèse "alcoholized" 
musdes were, therefore, confirmed in aU essential points. Âfter the 
absorption of the 10 per cent alcohol the musde did more work, and 
the onset of fatigue was distinctly delayed. 

In ail thèse experiments 0.08 ce. of the 10 per cent alcohol per 
gram of body-weight were injected. This means, for a mediimi- 
sized frog, the addition of 2 . 5 ce, or more, of fluid to the drculating 
médium of the body — ^by no means an inconsiderable quantity in this 
animal, Consequently it is still an open question whether the favor- 
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able eflfect upon the working power of the muscle is to be attributed 
to the ethyl alcohol, or to the încrease of the cîrculating médium. 

In order to test this, we made parallel, simultaneous experiments, 
injecting into one frog the solution of alcohol, and into another an 
équivalent amount of water, or Ringer's fluid. The operative pro- 
cédure and expérimental method were essentially those of Lee and 
Salant : After removal of the cerebrum, with due précautions against 
loss of blood, one leg of each animal was ligatured and the fluid 
injected into the dorsal lymph sac. Simultaneous tracings were then 
taken f rom the excised muscles of the ligatured legs ; and later (usually 
about 45 minutes), simultaneous tracings were taken from the other 
legs. Edison-Lalande cells were used to insuie constancy in the 
strength of the stimulating current, the primary circuit being 
interrupted, and the " making " induction shock short circuited by a 
mechanical '^Ablender." The rate of stimulation was usually about 
once every two seconds. In some experiments the contractions were 
isotonic, the same weight being lifted by the two muscles of the same 
frog. In other experiments the auxotonic method was employed, 
the muscle contracting against the résistance of an open, spiral, brass 
spring, accurately adjusted so as to insure equal initial tension and 
the same direction of pull. 

The work done during the same time by two muscles, in fatigue 
tracings taken on drums levolving at the same, uniform speed, and 
with the same rate of stimulation, is proportional to the areas included 
between the base line«* the first and last tracings of the given period, 
and the Une joining the highest points of the contraction records. 
Thèse areas, were therefore measured with a planimeter, and the 
work done by the two muscles readily compared. 

SESULTS. 

Thirteen successful experiments were thus made upon the effects 
of injecting the lo per cent alcohol, and 13 simultaneous, parallel 
experiments upon the eflfects of injecting water, or Ringer's fluid. 
The results with each of thèse fluids are given separately, for con- 
venience, and the percentage of increase of work done in the same 
time (xmtil the appearance of marked fatigue) is represented by giving 
the number of experiments in which a given range of increase occurred. 

*Iii our experiments the oontractioos returned to the base Une. 
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TABLE 1. 

Thx ErFBCT op Injxcting 10 PKB Cekt Aux>hol. 

Peroentage Number off 

Increafle of Work Experimeats 

o-io 4 

11-20 2 

21-30 4 

3»-40 2 



lOO-IIO X 

Total 13 

TABLE a. 

TwE EmcT DP Irjictdio RiMon's FLum. 

Feroentan Number of 

Inataae of Work Experimcnis 

o-io I 

11-20 o 

21-30 I 

31-40 I 

41-50 o 

51-60 X 

61-70 X 

Total 5 

TABLE 3. 

Ttax EmcT DP iMjxcmio Watxi. 

PcroeDta|ie Nymberof 

Increast of Work Esperiments 

o-io o 

11-20 o 

21-30 2 

31-40 I 

41-50 2 



X9X-200 X 

Total 6 

It is évident that the injection of water and of Ringer's fluide as 
well as that of the 10 per cent alcohol, was followed by an increase 
of work done. The experiments are not suffidently nnmerous to 
justify final conclusions as to the relative influence of the alcohol as 
against the water, or Ringer's fluid ; but it is significant that the per- 
centage of increase is less after the injections of alcohol than after the 
injections of the other fluids. Thus while 12 out of 13 alcohol experi- 
ments gave less than 40 per cent of increase, 5 of 13 with water and 
Ringer's fluid gave more than 40 per cent. Moreover, the increase 
in six of the alcohol experiments was less than 20 per cent, while in 
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only one of the others was it as small as this. The conclusion is ccrtainly 
justified that the effect of the injections of lo per cent alcohol is not 
due to the alcohol, but to the water in which it is dissolved ; and it is 
even probable that the increase of work occurred in spiU of the 
présence of the alcohol, rather than because of it. 

THE EFFECT OF DOUBLE INJECTIONS. 

In order to test still further the conclusions stated in the last para- 
graphe we hâve injected, in a certain number of animais, water or 
Ringer's fluid one or more hours before ligaturing the leg; the sub- 
séquent procédure was the same as in other experiments — ^ligature of 
one leg, foUowed by a fatigue tracing therefrom; then a (second) 
injection, this time of water or lo per cent alcohol ; and, an hour later, 
a fatigue tracing from the second leg. We desired to find whether 
the second injection of lo per cent alcohol would be without effect, 
or show a less marked effect after the previous injection of water; 
and, also, to find how the effect of alcohol would compare with those 
of a second injection of water. The results are as f oUows : 

a) Water foUawed by water. — ^Three experiments, which gave 
increases of 26 . 7 per cent, 6 per cent, and i per cent of work by the 
second muscle over the work of the first. 

b) Water foUawed by 10 per cent alcohol. — ^Three experiments, giving 
increases of 25 .4 per cent, 6.9 per cent, and 6.5 per cent. 

c) Ringer*s fluid followed by alcohol. — One experiment, giving an 
increase of 1 1 . i per cent. 

d) Water followed by water. — Two experiments with auxotonic 
contractions, giving in one case an increase of 7.3 per cent, and in 
the other a decrease of 18 per cent. 

The effect of the second injection of water or alcohol is, therefore, 
much less marked when it foUows a previous injection of water. 
Obviously, we should expect this resuit, if the effect in ail cases is due 
to the addition of water to the circulating médium, or to the improve- 
ment of the circulation by increasing the volume of blood. 

Ail the experiments of Lee and Salant were made between January 
and June, and, therefore, like most laboratory experiments upon this 
animal, were made upon winter frogs, which hâve been inactive for 
several months, and in which the loss of water from the blood, by the 
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processes of excrétion, has not been made good by the taking of food. 
Under thèse circumstances, the injection of any âuid quickly increases 
the volume of blood, and so improves the circulation through ail 
organs — ^the muscles induded, Perhaps, also, by redudng the 
osmotic tension of the plasma, waste products which hâve accumu- 
lated in the muscle during the inactive winter period are removed, 
so that the excised muscle becomes capable of greater work. This 
obviously suggests a useful method of improving the physiological con- 
dition of frogs used for laboratory experiments during the winter 
months. 

SUIOCA&Y. 

1. Injections of water, Ringer's fluid, and 10 per cent ethyl alcohol 
into the lymph sacs of a f rog improves the working capacity of the 
skeletal muscles and delays the progress of fatigue in the isolated 
muscle. 

2. The effect is largely independent of the solution and séems to 
be due to the increase of the circulating médium, or to the réduction 
of osmotic tension in the blood plasma, or to both of thèse causes 
rombined. 

3. The improvement in the working power of the muscle, which 
Lee and Salant observed after injections of 10 per cent alcohol, is 
not due to the alcohol. 



NOTES ON A CASE OF APPARENT PULMONARY TUBER- 
CULOSIS ASSOCIATED WITH THE CONSTANT 
PRESENCE OF DIPHTHERIA-LIKE 
ORGANISMS IN THE SPUTUM * 

BuRT Ransom Rickakds, 

Director, Bostoii Board of Health Bacteriological Labontory. 

On January 8, 1906, a sample of sputum from H S 

was submitted to this laboratory in one of the regular outfits to be 
examined for the bacilli of tuberculosis. In the course of the regular 
routine the spécimen was stained in steaming carbol-fuchsin for 
five minutes, decolorized with acid-alcohol (5 per cent HCl), and 
counterstained with Loeffler's méthylène blue. When examined 
under the microscope, no bacilli of tuberculosis were found, but 
the spécimen contained large numbers of bacilli which mor- 
phologically were indîstinguishable from the bacillus of diphtheria. 
In fact, no other species of organisms were apparent in the spéci- 
men, microscopically. As is usual in such cases, the attending 
physician was requested to secure a second, and in this case uncar- 
boUzed, spécimen, The second spécimen was received on January 
15, 1906, and from it the organisms in question were isolated, but 
not without some diflSculty, owing to the présence of a large, rapidly 
growing coccus which tended to spread and overgrow the diph- 
theria-like organism. The cultural characteristics of the organism 
were then studied as follows: 

Morphology. — Indîstinguishable from the Klebs-Loeffler organ- 
ism. A, C, and D types (Wesbrook) présent; C types predomi- 
nating. No spores. Stains by the ordinary stains, and by Gram's 
and Neisser's stain. 

JSanging-block. — The post-fission movement called "snapping," and which 
appcars to be characteristic of the diphtheioîd group, was hère observed.' 

Agar stroke, — ^Filiform growth at first, later slightly plumose; élévation fia 

with slightly raised edges. Liister glistening. Topography smooth at fiist, later 

slightly contoured. Opaque, non-chromogenic. Consistency, butyric. Médium not 

discolored. 

*Rcoei^^ for pablicadon April 7, 1906. 

>HiLL AMD R1CKAID6. Rêp. and Paperst Anm, PiA. Health Auoc.^ a8, p. 479. 
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PokUo. — Grows well, but is invisible. 

Blood sérum, — Growth as described under agar stroke, ezcept that it cpx>ws 
more luzuriantly, spieads slightly, and is faintly flesh-coloied. Typical appearance. 

Agar sUtb, — ^Filiform, spreading slightly on surface. 

Gelalin stab. — ^Filiform; no liquéfaction; slight growth on surface. 

Broih. — ^Surface growth, none; tubidity, slight; sédiment, considérable, granular 
— adhering to glass. 

MUk. — Coagulation, none; consistency, unchanged. 

Agar colonies, — Punctiform; edge entire; finely granular. 

Relative graivih al 20^ and jf*, — Grows well at 37° C; veiy slow growth at 20® C. 

FermenkUion of dextrose.* — No gas production; no growth in dosed arm; addi- 



fying coefficient: i day, ^; 2 days, ~; 4 àuys, ^; 6 days, |^; 8 days, J^; 

10 days, ^. 

Fermeniaiion of lactose,* — ^No add or gas production. 

Fermentation of saccharose,* — ^No add or gas production. 

Indol production, — ^Very slight 

Pathogenesis, — ^Very slight A guinea-pig inoculated with i per cent of his 
body-wdght of a 0.2 per cent dextrose broth grown 10 days at 37^ C. showed a 
very slight edema at site of inoculation and slight injection of suprarenals in two days. 

For the followîng clinical hîstory the writer îs indebted to Dr. 
A. H. Bassett the attending physician : 

Patient, Miss H — S — . Age, 32 years; médium hdght; sandy complezion; 
slightly stoop-shouldered; wdght, 112 pounds. Occupation, clerk. First consulted 
physician on December 30, 1905. Sjrmptoms: loss of flesh, pain in upper chest 
and right shoulder, loss of appetite. 

Présent illness dates back five years, previous to which patient said she had no 
sickness since childhood. No hîstory of diphtheria. First symptoms were dedded 
hoarseness, aggravated by dampness or by becoming over-tired. For past two years 
the amount of perspiration has been over normal. Regular night sweats eight months 
ago; not as profuse at présent time. Took care of consumptive sister one year ago. 
Symptoms gradually cpx>wing worse ânce then. Some expectoration, but not abun- 
dant Within the past year urine has at times contained some blood. This condi- 
tion lasts for some time and then passes off. The patient 's urine was examined by 
one physidan who reported " nothing pathologie. " No urine analysis by writer. 

Physical examination (reported by Dr. H. C. Clapp): "Small area of dulness 
in apex of right lung, heard more posteriorily; broncho-vesicular respiration; bron- 
chophony; normal température. Clinically, tuberculosis. " 

On February 26, sîx weeks after the last previous sputum was 
examinedy a third spécimen was requested and obtained, in order 
to demonstrate the continued présence of the diphtheria-like organ- 
ism. No tubercle bacilli were found, but the above organism 
was présent in undiminished numbers. 

* *o.a per cent, in sugar free-broth. 
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Three separate examinations hâve thus been made on three samples 
of sputum submitted at intervak, and in each case no tubercle bacilli 
were found after an exhaustive search. Thîs fact in itself does 
not, of course, rule out the possibility, but lessens by so much the 
probability, of their présence in the lung tissue. On each of thèse 
examinations an organism resembling B. diphtheriae both morpho- 
logically and culturally has been présent in large numbers. 

The fact of the continued présence of this organism raises a 
suspicion in the mind of the writer as to whether the organism, 
if not the primary, may not at least be a contributing factor in 
producing the symptoms above described. 

Dr. Louis Hoag, of the Danvers, Mass., State Hospital, has 
in a nimiber of cases isolated diphtheria-like organisms from the 
lungs of patients who had died of broncho-pneumonia. Dr. Hoag 
agrées with the writer that thèse organisms differ in many respects 
from the one hère described. 

The writer is unaware of any prevîous descriptions in the liter- 
ature analogous to the above. Dr. W. H. Smith, of this city, has, 
however, very kindly submitted notes on a case which came under 
his care at the Massachusetts General Hospital in 1904. The 
clinical history bears a most decided resemblance, induding a family 
history of tuberculosis, tubercular symptoms, cough — four years — 
moist râles, apex of right lung, etc. Sputum examinations show no 
bacilli of tuberculosis, but the constant présence of an organism 
resembling the diphtheria bacillus morphologically, but of very 
low virulence. 

It is the intention of the writer to follow the two cases cited, if 
circumstances permit, with a view to determining, if possible, the 
rôle played by the diphtheria-like organisms. 

The writer wishes to acknowledge his indebtedness to Dr. F. H. 
Slack, Assistant Bacteriologist, for help in isolating and identifying 
the organism. 

DESCRIPTION OF PLATE 3. 

Pure culturel diptheria-like, organism isolated from sputum. Tweiity-four-hour 
growth in senmi. Méthylène blue. X 1500. 




/f ^ O- THE 

(( îjr^ 1VER3ITY 

S. F 



[ 



J 



THIS BOOK IS DVB ON THE I.AST DATE 
STAMPED BELOW 

Bool» not rïturnïd oa IIipb ire mbied la s Bnc of 
GOi par TDiuraa nfWi tbe lliird day orerdDa, lacniuïnc 
lu (1.00 par volume afler Ui< tixih dnjr. BodIu aot lu 
demmnd nisr be renswed if appUcBtlaD 11 mid* btCoT* 
eiplral[on ot loui pcrlod. 



stpai iffli 



itPUlï' 



,d^ 12 



N0V.25 1938 

NOV 28 1939 
MAR111942 

DEC 16 1947 
"'9 

DEC 2 1 1M8 

JflN-41950 

°CTIS ,952 

^930 



7P7*' 



mm 



